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Remobilization and Kernel Composition in Zea Mays L. and Sorghum Bicolor (L.) 
Moench. Major Professor: Mitchell Tuinstra. 
 
 
Modern maize (Zea mays L.) production relies heavily on nitrogen fertilization for high 
productivity. Over-application of nitrogen fertilizers in cropping systems can have 
detrimental economic and environmental effects. For this reason, improving Nitrogen 
Use Efficiency (NUE) is a major goal of breeders and producers. Nitrogen Utilization 
Efficiency (NUtE) is one component of NUE, and the most important component under 
N-limited conditions. In this study we examined the genetic controls of the timing and 
preferential canopy position of leaf N remobilization during reproductive growth stages. 
Utilizing a diversity panel of over 2,400 lines, genome wide association mapping was 
conducted in 2012 and 2013 to examine leaf chlorophyll content at different growth 
stages and kernel composition at maturity. Chlorophyll content meters were utilized for 
measurements of leaf chlorophyll content on two different leaves at VT, R2, and R4 
sampling times. Near infrared reflectance spectroscopy (NIRS) was utilized for analysis 
of kernel composition on whole kernels. NIRS was also utilized for analysis of kernel 
composition on whole kernels of sorghum (Sorghum bicolor L. Moench) in a diverse 
panel of 840 accessions; with the goal of applying known genetic controls of maize 




composition. Results from the maize leaf chlorophyll analysis and sorghum kernel 
composition analysis suggest a role for NADH - Glutamate Synthase as a sink control of 
N remobilization from the leaves. Genes identified in these analyses suggest that genetic 
controls at both the source and sink level affect the timing and rate of N remobilization 
from the leaves. Knowledge of these genetic controls may be utilized in breeding 









CHAPTER 1. LITERATURE REVIEW 
1.1  Introduction 
Zea mays L. and Sorghum bicolor (L.) Moench are important cereal crops utilizing 
C4 photosynthesis grown worldwide under a multitude of climates and production 
systems with uses as food, feed, and fuel. The end uses of these crops largely depend 
upon the environment and region in which they are grown. Maize and sorghum are 
primarily grown as grain crops, although sometimes the plant material is used as forage 
or silage feed for cattle and other ruminant livestock. Greater understanding of how 
these cereal species manage available soil nutrients, as well as the genetic controls of 
kernel composition, may lead to improved crop nutrition programs and improved maize 
and sorghum grains for diverse uses.      
Fertilizers are applied in many different production systems to increase growth, 
production (and subsequently profits), and/or aesthetic appeal. These applications 
include turf grasses (private lawns and golf courses), ornamental and horticultural crops, 
and agricultural production. In most situations, the nutrient applied in the greatest 
amount is nitrogen. Commercial production of maize in the United States relies heavily 





amounts to 11,725,000 metric tonnes (“IFADATA”). This amount is equivalent to 18% of 
total worldwide N production (Heffer 2008).   
Historically, synthetic nitrogen fertilizer accounted for a small portion of the total 
input cost of maize production. In 1960 the cost for N fertilizer was approximately $100 
for a ton of actual N. More recently, due to an increase in worldwide demand and the 
rising cost of production, N prices have reached unprecedented highs. The $300/ton 
barrier was broken as recently as 2005, and since that time has reached prices as high as 
$530/ton N (USDA NASS, 2012).  
Historically, the low cost of synthetic N fertilizers and, more recently, the 
heightened price for corn grain, have allowed farmers to justify high rates of nitrogen 
application. These large nitrogen applications have not gone without an environmental 
consequence. In the Midwest region of the United States where a large portion of the 
land is used for agricultural production, high rates of N fertilizer application have 
affected ground and surface waters including NO3- leaching into groundwater systems 
(Jarvis 1996; Socolow 1999; Castillo et al., 2000; Schilling and Libra 2000; Burkart and 
Stoner 2001; Sauer et al., 2008). Once in the streams and rivers, N run-off can lead to 
eutrophication and algal blooms, disturbing and crippling the aquatic ecosystem (Ryther 
and Dunstan 1971). These environmental impacts have increased public awareness 
about agricultural practices and have elevated the need for efficient and responsible 
applications of N to agricultural soils. With increasing economic and environmental 
constraints, efficient use of N is gaining in importance and farmers are seeking new 





The commercial maize hybrids grown in the United States in the past five 
decades have been selected for performance in high input environments. As the rising 
cost of fertilizers become a burden to farmers, cultivars that can utilize a smaller 
amount of applied N without a decline in yield have become more important. 
Development of these cultivars will not only necessitate the examination of the 
acquisition of N by the plant, but also the Nitrogen Harvest Index (NHI, fraction of total 
N translocated to grain (Moll et al.,, 1982)) in which the plant utilizes and eventually 
remobilizes plant N into the kernel.   
 Sorghum is considered a more abiotic stress-tolerant crop than maize, as it is 
well adapted to environments that experience extremes in both heat and drought 
(Maunder 2005). This is evident in the regions where it is largely produced. Of the top 
15 sorghum producing countries in 2011, 11 are found on the African continent, where 
sorghum originated (Top Production, 2011). While these locations often experience 
extremes in drought and heat, agricultural productivity in these environments are also 
limited by deficient fertility management programs. Sorghum is generally better 
adapted than maize for production under these high-stress and low-input conditions.   
 Grain sorghum is commonly harvested as either a food or feed source. In the 
United States, a large portion of sorghum is grown under dry-land conditions in the High 
Plains region of Texas, Oklahoma, Kansas, Nebraska and Missouri (USDA ERS 2010). The 
High Plains in recent decades have been converted to irrigated fields as the Ogallala 
Aquifer has been tapped for pivot irrigation across this region. This has allowed 





of sorghum. As increasing amounts of farmland in this region have been converted to 
irrigated agriculture, a tremendous stress has been placed on the Ogallala Aquifer, 
diminishing the supply of fresh water (Sloggett and Dickason 1986). As the aquifer 
continues to be drained, more of this irrigated land will be converted back to dry-land 
within the next few decades (Associates 1982; Hornbeck and Keskin 2011). Once 
irrigation in this region ceases to be physically or economically viable, it can be 
hypothesized that much of this irrigated maize ground will return to dry-land sorghum, 
thereby increasing the importance of yield and grain quality of sorghum in this region of 
the United States.   
 
1.2 Nitrogen Use Efficiency 
Nitrogen Use Efficiency (NUE) is composed of two components; Nitrogen Uptake 
Efficiency (NUpE, also referenced as Nitrogen Recovery Efficiency (NRE)) and Nitrogen 
Utilization Efficiency (NUtE; also referenced as Nitrogen Internal Efficiency (NIE)) (Moll 
et al., 1982). NUpE examines the ability of the plant to acquire N considering the 
amount of N available in the environment. This trait is broken into two distinct periods, 
uptake during the vegetative phase and the reproductive growth phase. During 
vegetative and early reproductive growth periods, accumulated N is stored in vegetative 
plant parts including the leaves, stalks, and roots. This stored N is then made available 
to the developing reproductive plant parts during the later stages of growth, measured 
by NUtE. As breeders have selected for improved lines in optimal environments for 





nitrogen environments (Castleberry et al., 1984). Many environmental and plant-
produced signals affect the accumulation and movement of plant N, and greater 
understanding of the movement, storage, and reallocation of this vital element within 
the plant can lead to improvement of NUE.   
Improving NRE and NIE is complicated by the many roles that N plays within the 
plant. The importance of N within the plant has supported many studies examining 
aspects of assimilation, storage, and final utilization. Genetic studies examining both 
NRE and NIE have found a negative correlation between the two traits (Gallais and 
Coque 2005; Coque and Gallais 2007a; Coque et al., 2008). Agronomic studies have also 
been conducted to determine the relationships between NRE, NIE, and grain yield (Reed 
et al., 1980; Purcino et al., 1998). These studies have revealed genetic variation for 
these traits, and studies in testcross hybrids have shown a stronger relationship 
between post-silking N uptake and yield than between NIE and yield (Masclaux et al., 
2001; Gallais et al., 2006; Coque and Gallais 2007b; Gallais et al., 2007). This is likely a 
function of selection by breeders under optimal N environments. Although N uptake has 
a greater correlation to yield, both post-silking uptake of new N and remobilized N (RN) 
play an important role in grain N accumulation, and the proportion each process 
contributes also varies greatly with genotype (Beauchamp et al., 1976; Below et al., 
1981; Pan et al., 1984; Pan et al., 1986; Ta and Weiland 1992).   
The contributions of NRE and NIE to grain N is dependent on multiple factors, 
the largest of which is the environment in which the crop is grown. Historically, cultivars 





practices, and this has placed a selection pressure upon the lines for certain NRE and NIE 
characteristics. Era hybrid studies have shown that more recent hybrids produce a 
higher yield when grown in high or excess N environments compared to older hybrids, 
supporting other research showing that NRE is of greater importance at high fertilization 
levels and NIE is of greater importance to the plant under N-poor environments (Duvick 
1977; Uribelarrea et al., 2007). Era studies have also shown that more recent 
commercial hybrids have a greater yield response per unit fertilizer applied, as well as a 
greater tolerance to N stresses (based on 0 N treatment yields) (Ciampitti and Vyn 2012; 
Ciampitti et al., 2013). These yield differences have been shown to be exacerbated 
when plants are subjected to stressful growing conditions (McCullough et al., 1994; 
Dwyer et al., 1995; Boomsma et al., 2009; Ciampitti et al., 2013). This difference in 
performance is thought to be related to a Genotype X Environment (G x E) interaction 
and differential gene expression associated with N partitioning within the plant (Moll et 
al., 1987; Landbeck 1995; Bertin and Gallais 2000a, b, 2001); although some research 
suggests otherwise (Rajcan and Tollenaar 1999). Examination of significant QTL of lines 
in both high- and low-N environments suggest that variation in NUE performance is 
largely associated with post-silking NRE in N-abundant environments, while NIE and 
remobilization have greater genetic variance and importance when N is limited (Muruli 
and Paulsen 1981; Di Fonzo et al., 1982; Moll et al., 1982; Jackson et al., 1986; Moll et 
al., 1987; Lafitte and Edmeades 1994; Bertin and Gallais 2000a). If performance is to be 
maintained at lower levels of N fertilization, NIE must be improved. This runs counter to 





The relationship between N recovery (both during vegetative and reproductive 
stages) and N internal efficiency is complicated and dependent upon source/sink 
relationships. A study by Ciampitti et al. (2013) noted a strong relationship between N 
uptake during vegetative growth and remobilization of stalk N during the reproductive 
growth in hybrids. This is logical, as N would have to be acquired in the vegetative stages 
and stored in the stalks in order to be subsequently remobilized to the grain during the 
reproductive stages of growth. A positive relationship was also observed between 
reproductive stage N-uptake and both the ear strength (sink strength) and late-season 
shoot N remobilization (source strength) in hybrids (Ciampitti et al., 2013). Ear strength, 
whose components of kernel number and weight are also positively related to grain 
yield, was shown to be associated with total plant N-uptake at both the vegetative and 
reproductive stages of growth; this trait has also been shown to be associated with late 
stage N remobilization in hybrids tested under different treatments of plant density and 
N rate (Ciampitti et al., 2013). Ear strength (sink strength) appeared to affect 
remobilization of vegetative N in the shoot in the later reproductive stages of growth 
(Ciampitti et al., 2013).  
Plants grown in N limited environments exhibit other physiological differences 
that affect the yield potential of the crop. Nitrogen deficiencies can limit the number 
and rate at which leaves are produced, while at the same time reducing the size of the 
leaves and net photosynthesis of the plant (Muchow and Davis 1988; Wolfe et al., 1988; 
Evans 1989; Muchow and Sinclair 1994). Reduced photosynthesis results in less carbon 





photosynthetic capabilities in N-limited environments will assist in maintaining grain 
yields (Borrell 2000a, 2000b).   
Nitrogen Utilization Efficiency (NUtE) involves the movement of N within the 
plant for other uses. The timing at which N is remobilized from the vegetative sources 
within the plant (stalks, leaves, and roots) to the grain can have a large effect on the 
total grain yield and is dependent upon the N available in the environment (Ta and 
Weiland 1992; Crafts-Brandner et al., 1996; Ono et al., 1999; Masclaux et al., 2000). The 
switch in the vegetative tissue from N sink to N source is controlled by a multitude of 
factors (Harrison et al., 2000; Hellmann et al., 2000; Lewis et al., 2000; Masclaux et al., 
2001). Once started, the remobilization of vegetative N begins in the stalks followed by 
leaf material (Ta and Weiland 1992; Weiland and Ta 1992). This occurs to preserve N in 
the photosynthetic machinery of the leaves for as long as possible (Evans 1989). Once 
remobilization reaches the leaves, N is removed from the photosynthetic compounds 
faster than other leaf stores of N (Weiland and Ta 1990; Rajcan and Tollenaar 1999; 
Paponov and Engels 2003). This loss of photosynthetic N decreases overall carbohydrate 
accumulation, increases rate of senescence, and limits the yield potential of the crop 
(Swank et al., 1982; Moll et al., 1994; Matile 1997; Rajcan and Tollenaar 1999). Under 
low-N conditions, the reduced N reserves of the plant lead to a more quickly 
remobilized leaf N from photosynthetic compounds (Weiland and Ta 1990). As this 
occurs, leaf photosynthesis is greatly reduced and less photosynthate is produced, 
reducing kernel size and yields. In order to develop genotypes that are tolerant to low N 





accumulation can be optimized and yields maintained. Leaf measurement of chlorophyll 
offers an accurate and quick method to estimate the relative amount of N remaining in 
the leaves (Ercoli et al., 1993). Field based measurements of leaf chlorophyll content 
have been used by farmers to determine the desired amount of N fertilizer to add to 
optimize their production (Schepers et al., 1992; Piekkielek and Fox 1992; Blackmer and 
Schepers 1995; Chapman and Barreto 1997; Argenta et al., 2004). Use of chlorophyll 
content meters at multiple time points during the plant’s reproductive growth can 
identify lines with unique timing and rates of leaf N remobilization.      
While the timing of leaf N remobilization plays an important role in the 
photosynthetic ability of the plant, the location from which the N is remobilized also has 
importance in the plant’s potential productivity. Previous research has noted two 
possible origins of N remobilization from vegetative tissue; remobilization can either 
begin in the lower leaves and the stalk which maintains the photosynthetic ability of the 
higher leaves as discussed above, or remobilization of N can more uniformly occur 
throughout the plant (Ciampitti et al., 2013). However, premature remobilization of 
vegetative N from the upper canopy would have a detrimental effect on the ability of 
the plant to capture light and negatively impact starch accumulation and grain yield. 
Examination of genotypic differences in these two patterns of vegetative remobilization 







1.3 Kernel Composition in Maize 
 Zea mays L., a cereal grain native to central Mexico, is thought to have been 
domesticated in a single event from teosinte approximately 9,000 years ago (Matsuoka 
et al., 2002). Many traits were altered during domestication for agricultural production 
including loss of shattering mechanisms, ear number, ear location, and size and number 
of kernels on each ear. During domestication, it is believed that kernel traits, including 
those involved with kernel architecture, were subjected to rounds of selection that 
greatly altered composition (Doebley 2004). As a result of these selections, certain 
kernel components such as protein have been diminished (Fedak 1985). Testcross 
hybrids with wild parents can exhibit 50% greater kernel protein production than 
hybrids of modern maize lines (Perini and Magoja 1988).  
 Maize grain has many uses as a food, feed, fiber, or fuel. These uses are 
benefitted by different profiles of protein, oil, starch, ash, fiber, or changes in kernel 
density; dependent upon the end use desired. Commercial Corn-Belt dent maize 
contains approximately 71.7% starch, 9.5% protein, 4.3% oil, 1.4% ash, and 6.2% fiber 
(Watson et al., 2003). Genetic variations for these components have been observed in 
diverse panels of maize inbreds, and utilization of this diversity could be useful in 
development of lines for specific uses (Flint-Garcia et al., 2009). Increased protein, oil, or 







1.3.1 Maize Kernel Protein 
The grain protein content of maize has declined over past decades. This decline 
is likely a result of the negative relationship that is observed between grain yield and 
grain protein content (Rhodes and Jenkins 1978). Kernel protein also exhibits a negative 
correlation with plant population (Zuber et al., 1954; Genter et al., 1956; Stickler 1964). 
With high-yielding maize hybrids being planted at ever increasing populations, modern 
agronomic practices designed to increase maize yield generally have a secondary effect 
of simultaneously reducing the concentration of grain protein (Olson and Frey 1987; 
Ciampitti and Vyn 2012; Ciampitti and Vyn 2013).   
There are four main protein fractions in the maize kernel that can be 
differentiated based on solubility. These fractions are the albumin, globulin, glutelin, 
and prolamin (Osborne and Mendel 1914). Maize kernel protein and carbohydrate 
synthesis has been thoroughly reviewed in recent years (Hannah 1997; Motto et al., 
1997; Coleman and Larkins 1999; James et al., 2003). The prolamins are called zeins and 
constitute a major portion of the kernel proteins (Tsai 1983; Prasanna and Sarkar 1991). 
The zein fraction provides the major source of N for the kernel during germination 
(Anderson and Lamsal 2011). The endosperm accounts for the vast majority of the dry 
weight in the kernel and contains about 70% of the total protein with zein contributing 
approximately 60% of the total protein in the endosperm (Hansel et al., 1973). 
Zeins have been shown to play an integral role in relation to N uptake and 
metabolism in the plant. Zeins are thought to be the kernel sink for the nitrogen 






exists in the form of free amino acids (Lee and Tsai 1985; Tsai et al., 1986). When 
increasing amounts of N fertilizer are added to the soil, kernel protein is observed to 
increase; largely due to elevated zeins in the kernel (Frey 1951; Schneider et al., 1952; 
Sauberlich et al., 1953; Keeney 1970; Tsai et al., 1978a; Rendig and Broadbent 1979; Tsai 
et al., 1980). These protein compounds are not inherently beneficial for end use, as 
kernel protein is negatively correlated to yield (Murphy 1980). In fact, many genotypes 
that have been developed with improved grain quality traits actually contain reduced 
zein content (Mertz et al., 1964; Nelson et al., 1965; McWhirter 1971; Tsai and Dalby 
1974; Ma and Nelson 1975). 
While the synthesis of albumin, globumin, and glutelin are fairly stable under 
differing N environments, the synthesis of zeins have been shown to be quite responsive 
to N availability (Frey 1951; Schneider et al., 1952; Sauberlich et al., 1953; Keeney 1970; 
Rendig and Broadbent 1979; Tsai et al., 1980). Low amounts of zein are produced when 
N is limited and zein production increases when N is plentiful. This has led to the 
conclusion by various researchers that zeins are the main N sink and storage protein in 
maize (Tsai et al., 1980; Miflin and Shewry 1978).   
Lines selected for increased kernel protein content exhibit altered N metabolic 
activity including greater N translocation, increased glutamine utilization, higher enzyme 
activity of tyrosine and phenylalanine synthesis enzymes, and an increased protein 
accumulation efficiency (Reggiani 1985). Although the content of protein in the kernel is 
important for some specific end uses such as livestock feed or human food, the specific 






overall relationship between the kernel total protein and the content of essential amino 
acids has been observed (Miller et al., 1950). A similar relationship is noted for the 
amino acid tryptophan and the non-zein proteins, while it is much weaker between 
tryptophan and total protein content (Frey et al., 1949).  
While well adapted for polygastric animals, the amino acid profiles of maize and 
other cereal grains are not optimized for human and monogastric animal consumption 
due to low concentrations of lysine and tryptophan in the grain (Tsai 1983). Efforts to 
improve nutritional quality of cereal grains have been outlined in numerous reviews 
(Wall and Paulis 1978; Nelson 1979, 1980; Axtell 1981). In less developed countries 
where maize serves as a stable food crop, grain high in essential amino acids can 
increase the dietary value of the grain and supplement diets that are low in these 
nutritional components. Grain produced in high N environments often exhibit lower 
lysine and tryptophan content as a percentage of the total kernel protein (Sauberlich et 
al., 1953; MacGregor et al., 1961; Keeney 1970; Tsai et al., 1978a; Rendig and Broadbent 
1979; Tsai et al., 1980). The relative lysine content in the maize kernel has been 
improved through the utilization of mutations, such as the opaque-2 mutant (Mertz et 
al., 1964). Opaque-2 increases the kernel lysine concentration through a decrease in 
zein synthesis to levels as low as 20% of the original amount. Other mutations have also 
been shown to increase the concentration of lysine in the kernel including floury-2, 
opaque-7, opaque-6, and floury-3 (Mertz et al., 1964; Nelson et al., 1965; Misra et al., 
1972; Dalby and Tsai 1975; Ma and Nelson 1975). Further research into these mutations 






these genes are not directly involved in zein synthesis but in fact may be regulatory 
factors (Nelson 1969; Ma and Nelson 1975; Fonzo et al., 1980). 
Maize mutants such as opaque-2 have shown promise in lowering the 
concentration of zeins and therefore increasing the lysine relative concentration in the 
kernel. However, opaque-2 can have a negative effect on grain yield and certain 
functional traits. The lower kernel weight and density associated with opaque-2 maize 
has resulted in lower yields than conventional maize varieties (Alexander et al., 1969; 
Lambert et al., 1969; Nass and Crane 1970; Paez et al., 1970; Salamini et al., 1970; 
Sreeramulu and Bauman 1970; Glover 1976). End-use quality can also be impacted with 
the opaque-2 mutants as these kernels often have an increased occurrence of insect 
damage, ear diseases and rots, and subsequent yield and quality reduction (Lambert et 
al., 1969; Ortega et al., 1975; Singh and Asnani 1975; Warren 1978; Toro et al., 2003). 
These end-use quality issues combined with depressed yield have largely held back large 
scale implementation of opaque-2 mutants in maize production (Lauderdale 2002).  
Other research efforts to select for improved tryptophan and lysine content of 
the kernel not related to opaque-2 have also been conducted (Frey et al., 1949; Zuber 
and Helm 1975). Researchers were able to find success in selection for high lysine 
content due to the relatively high heritability of this trait (Choe et al., 1976). Although 
these selections have shown promise, the lack of an efficient and affordable assay and 
the multiple years required to conduct multiple generations of selection have proven 






Transgenic modifications have also been attempted to increase kernel lysine 
content (Mertz et al., 1964; Villegas et al., 1992). In one case, a high lysine gene from 
potato was successfully used to increase kernel lysine and total protein content in maize 
(Yu et al., 2004). Although successful, this and other attempts at transgenic modification 
for increased kernel lysine content have not been commercialized.  
1.3.2 Maize Kernel Oil 
Maize grain can be used as an important component of livestock feed. High-oil 
content maize varieties are desirable for feeding uses in swine and poultry (Adams and 
Jensen 1987; Han et al., 1987; Mišević and Alexander 1989). In swine, it has been found 
that maize with high oil content increases the return on feed by increasing the weight 
gain per pound of feed (Lambert and Hallauer 1994; Lambert et al., 2004). A high oil 
maize diet also circumvents feeding animal fats to livestock in order to increase oil 
intake (Thomison et al., 2003). Oil content of maize kernels is largely determined by 
embryo size and composition (Watson and Ramstad 1987). The embryo is comprised of 
nearly one-third oil and accounts for approximately 80% of the total oil content of the 
kernel (Val et al., 2009). Kernel oil composition has shown a negative correlation with 
yields in previous studies (Lambert and Hallauer 1994). Therefore, selection for high oil 
content often results in reduced yields in the crop.  
The consumption of certain fatty acids can provide health benefits in humans 
(Diet 1989). Oils derived from maize kernels are generally high in unsaturated fats and 
low in cholesterol (Weber et al., 1987). Genetic variation has been shown for linolenic, 






1966; Poneleit and Bauman 1970; De la Roche et al., 1971; Widstrom and Jellum 1975). 
These traits are highly heritable and efforts are being made to breed for oil quality to 
improve end use value (Alexander and Creech 1977; Alexander 1988; Hallauer et al., 
2010). Diverse maize populations of both temperate and exotic germplasm have shown 
vast variation in fatty oil composition (Jellum 1970; Dunlap et al., 1995a, 1995b).  
Genetic variation for oil composition has been used to develop genotypes with 
altered oil profiles (Dudley and Lambert 1992). Many oil traits have been shown to fall 
under single-gene inheritance with the involvement of modifier genes (Poneleit and 
Alexander 1965; Wright 1995; Balconi et al., 2007). Multiple QTLs have been identified 
in various studies of kernel oil concentration (Goldman et al., 1994; Berke and 
Rocheford 1995; Mangolin et al., 2004; Wilson et al., 2004; Cook et al., 2012). Several 
studies have shown that acyl-CoA: diaglycerol acytransgerase (DGAT1-2) is a large-effect 
gene controlling oil content (Zheng et al., 2008; Cook et al., 2012). These studies have 
shown that kernel oil content and composition can be altered to meet specific food and 
feed uses. 
1.3.3 Maize Kernel Starch 
The starch biosynthesis pathway has been well examined through the utilization 
of mutant lines, and starch biosynthesis in the kernel is better understood than protein 
biosynthesis (Boyer et al., 1994). There are many possible external controls of starch 
biosynthesis including genetics, physiology, and environmental effects (Boyer et al., 






The starch mutants of maize have been shown to affect starch content and 
composition in dramatic ways such as waxy which is completely devoid of kernel 
amylose (Sprague et al., 1943). The waxy mutants had a large economic significance 
during WWII as a replacement to tapioca starch which at the time was not available 
(Pollak and Scott 2005). Since then, the private sector has placed some effort into the 
development of new waxy lines (Fergason 1994, 2001). Other mutations in maize such 
as amylose extender (ae) have been shown to increase the ratio of amylose to 
amylopectin while maintaining the same overall amount of starch in the kernel 
(Vineyard and Bear 1952). Although ae has been shown to alter the starch ratio and 
improve the amount of amylose, breeding for this trait has proven to be difficult due to 
the complexity of the genetic controls of amylose and amount of modifiers within the 
genome (Fergason 1994, 2001). Numerous other starch mutations in maize including 
dull-1, sugary-1, and sugary-2 have been found to increase the amount of kernel 
amylose (Dunn et al., 1953; Creech 1965; Inouchi et al., 1984; Brockett et al., 1988; 
Sanders et al., 1990; Wang et al., 1992; Wang et al., 1993a; Wang et al., 1993b; Wang et 
al., 1993c). These mutations show that amylose and amylopectin biosynthetic pathways 
are independent (Nelson and Rines 1962). 
The use of maize grain for ethanol production is rising in the United States and 
other developed countries. During the fermentation process, sugars are derived from 
starch so grain high in starch is ideal (Clark et al., 2006). Although starches have an 






hardness and density are two other factors contributing to a variation in commercial 
maize ethanol yields (Singh et al., 2004).  
Kernel concentrations of protein, oil, starch, and other components have been 
found to be correlated. The relationship between starch and protein content is negative 
(Hannah 1997; Motto et al., 1997; Coleman and Larkins 1999; James et al., 2003). While 
this is not a new development, it is important when considering optimal kernel 
composition. High starch is desired for ethanol and biofuel production, but increased 
protein and oil concentrations are ideal when grain is used for livestock feed. Due to the 
large concentration of starch in the endosperm of the kernel, the yield potential of a line 
is also affected by the concentration of starch in the kernel (Boyer et al., 1994). 
A number of studies have been conducted examining the genetic, epigenetic, 
and cytological basis for variation in timing and rate of kernel development (Chaudhury 
et al., 2001; Olsen 2001). During early development, the kernel is primarily comprised of 
sugars. As the kernel matures, oil, protein, and starch are accumulated (Boyer and 
Shannon 1983). The rapid accumulation of proteins begins about 12 days after 
fertilization (Tsai et al., 1978a; Watson et al., 2003). Zein synthesis follows a gradient, 
beginning around 12 days after fertilization with a peak from 16 to 35 days post-
pollination (Tsai and Dalby 1974; Tsai et al., 1978b; Oaks et al., 1979). Hybrids examined 
under different densities and N treatments have exhibited a consistent N concentration 
in the ear across reproductive growth stages, independent of ear mass; suggesting this 
is a conservative trait (Ciampitti et al., 2013). Examination of enzymes associated with 






the flowering event (Tsai et al., 1970). This is a time when environmental stresses such 
as heat and drought can play an important role in kernel composition.   
1.3.4 Maize Kernel Ash 
The germ fraction has been shown to contain the highest portion of ash in the 
kernel with an average of 10% (Hopkins 1903; Ockerman 1978). Kernel ash composition 
averages 1.4% in the whole kernel (Watson et al., 2003). Ash content has been shown in 
several cereal crop species to correspond to photosynthetic and remobilization 
characteristics during grain fill stages (Febrero et al., 1994; Araus et al., 1998; Voltas et 
al., 1998; Araus et al., 2001; Cabrera-Bosquet et al., 2009). The phloem is responsible for 
the mineral translocation to the kernels (Nonogaki et al., 2007). This translocation 
system is involved in nutrient remobilization from leaves to the grain. Although the ash 
component does not directly benefit the nutritional value of the kernel, the interaction 
between ash content and plant photosynthesis may have an effect on kernel 
carbohydrate and starch accumulation by effecting translocation through the phloem.  
1.3.5 Maize Kernel Fiber 
Corn fiber is the residual endosperm and seed coat proportions that remain after 
processing of the raw grain (Akin and Rigsby 2008). With increasing production of 
ethanol, the byproducts of fermentation have also increased. Over four million tons of 
corn fiber are produced in the U.S. annually (Doner and Hicks 1997; Hicks et al., 2003; 
Rose et al., 2010). One issue with ethanol production is the need to find markets for the 
byproducts such as fiber (Rausch and Belyea 2006). The high fiber concentration in 






(Rausch and Belyea 2006). Although these byproducts are mostly considered a low-
value commodity, the aromatic compounds and carbohydrates in this material offer 
potential for new value added products to be developed (Schell et al., 2004). Corn fiber 
is composed of seven main components including hemicellulose (38-57%), starch (10-
30%), protein (15%), cellulose (15%), oil (3.7%), and lignin and ash (3%) (Osborn and 
Chen 1984; Gáspár et al., 2007). 
Corn fiber is a general term and includes both the coarse and fine fiber 
components. Coarse fiber largely contains the kernel pericarp and tip cap, while fine 
fiber contains the kernel endosperm (Singh et al., 2000; Yadav et al., 2007a). Coarse and 
fine fiber products are used in the production of corn fiber gum, which has an industrial 
use as an emulsifier in beverage systems (Yadav et al., 2006; Yadav et al., 2007b). 
Although corn fiber gums created from course and fine fibers are very similar in 
carbohydrate composition, they largely differ in phenolic acid, lipid, and protein 
contents (Singh et al., 2000; Yadav et al., 2007c). Studies of emulsification gums have 
shown that protein and lipid concentrations can have substantial effects on the 
emulsification qualities (Randall et al., 1988; Yadav et al., 2006; Yadav et al., 2007d). 
Recent studies have also shown that these gums have greater emulsification ability than 
the commonly used acacia gum (Yadav et al., 2009).  
1.3.6 Maize Kernel Density 
Kernel characteristics such as low breakability are crucial to maintaining the 
quality of the grain through transport to export markets (Hill 1982). Hardness and 






and hardness are important traits (Wichser 1961; Thompson and Isaacs 1967; Freeman 
1973; Stroshine et al., 1981, 1982; Ellis et al., 1983). The physical properties of the 
kernel also affect the industrial uses of maize grain as extraction efficiencies of starch 
components may be affected (Kniep and Mason 1989). Starch and protein 
concentrations can affect kernel density (Ortega and Bates 1983; Larkins et al., 1984; 
Dombrink-Kurtzman and Bietz 1993; Dombrink-Kurtzman 1994; Pratt et al., 1995; 
Eyherabide et al., 1996; Mestres and Matencio 1996; Robutti et al., 1997; 
Chandrashekar and Mazhar 1999; Robutti et al., 2000; Gupta et al., 2003; Zhang et al., 
2003; Holding and Larkins 2006; Lee et al., 2006; Loerger et al., 2007; Sanchez et al., 
2007; Fox and Manley 2009).   
Unlike barley and wheat, maize does not contain specific genes related to 
hardness and density, rather they are considered quantitative traits (Morris 2002; Fox et 
al., 2007). Kernel breakability has also been found to be affected by characteristics such 
as kernel density (Bauer and Carter 1986; Moes and Vyn 1988; Vyn and Moes 1988). 
Improved kernel density profiles will also add value to the grain for improved stability 
during storage and transportation. 
1.3.7 Xenia Effects 
The composition of the kernel can be impacted by the parent lines used in hybrid 
combination (Perini and Magoja 1988). In maize, it has been observed that the maternal 
plant has a particularly large effect on the kernel composition (Wyss et al., 1991). The 
xenia effect is the change in composition caused by the source of pollination. Xenia 






found to have any effect from pollen source in multiple studies examining different 
populations of maize (Pixley and Bjarnason 1994; Letchworth and Lambert 1998). It was 
also found that self-pollinated ears contained higher protein content than open 
pollinated ears (Letchworth and Lambert 1998). Analyses of reciprocal crosses of maize 
for starch composition revealed that paternal parent had no effect on final content 
(Letchworth and Lambert 1998). Unlike protein and starch, the pollen parent has been 
shown to affect the content of oil in the kernel (Miller and Brimhall 1951; Curtis et al., 
1956; Letchworth and Lambert 1998; Tanaka and Maddonni 2008). The xenia effect on 
kernel composition has attracted the attention of commercial seed research programs. 
In 2001, DeKalb began a program to examine the effect of pollen source on high oil 
maize production (Bullant and Gallais 1998). 
 
1.4 Kernel Composition in Sorghum 
Sorghum is an ancient C4 cereal diverged from other cereal species 50-70 million 
years ago (Paterson et al., 2003). Domestication of sorghum began in Central Africa 
about 7,000 years ago. The adaption of sorghum to drought and heat stress makes it an 
important agronomic crop in many areas of the world (Watson et al., 1970; Murty and 
Kumar 1995). Sorghum is used for food, feed, fiber, and fuel production (Obizoba 1988; 
Brannan et al., 2001). Over the past half century, grain sorghum production has 
increased by 60% worldwide and yields have increased 233% (Maunder 2005). Grain 
sorghum is produced primarily for animal feed (51%) but is also used for food and fuel 






people in Asia and Africa (Yousif and El Tinay 2001). In recent years, sorghum has 
demonstrated an increase in food use within the developed world, gaining in popularity 
as a substitute for wheat for those afflicted with celiac disease (Fenster 2003). The end 
use of the sorghum grain can largely be affected by the composition of the grain. The 
commercial value of sorghum as a bioenergy crop has led to an increase in forage and 
sweet sorghum production (Edwards 1943; Barham et al., 1946; Horan and Heider 1946; 
Karper and Quinby 1947; Cannon et al., 1952; Watson and Hirata 1955; Rooney et al., 
2006; Sauer et al., 2008).    
1.4.3 Sorghum Kernel Feeding Quality 
Sorghum constitutes a major source of energy and nutrition for people and 
livestock (Klopfenstein and Hoseney 1995; Maunder 2002). Sorghum grain serves as a 
major source of feed for cattle in finishing operations throughout the U.S. even though 
the large variability in sorghum composition has resulted in a lower potential feeding 
value when compared to maize (Hibberd et al., 1982; Rooney and Pflugfelder 1986). 
These variations in kernel composition have been shown to impact livestock growth 
when different sorghum varieties are fed to cattle, making variety selection and analysis 
crucial to profitable cattle production. However, some studies suggest that corn and 
sorghum are completely equal in feeding values and may be interchangeable in livestock 
production (Aubel 1955; Menzies and Richardson 1961; Koch 1962; Deyoe and 
Shellenberger 1965; Waldroup et al., 1967; Session 1974; Baterii et al., 1979; Hibberd et 
al., 1979; Cullison 1987; Streeter et al., 1990; Wester et al., 1992; Streeter et al., 1993; 






values of sorghum are estimated to be 90-95% of maize (Cousins 1979; Hulan and 
Proudfoot 1982). In poultry, the replacement of corn with sorghum has been shown to 
result in no change in growth or production of layers and broilers (Sharma et al., 1979; 
Gualtieri and Rapaccini 1990; Dean 2000). In swine, sorghum grain without tannins has 
been shown to have similar feeding qualities as maize (Lin et al., 1987).  
Sorghum grain is ground for cattle feed; the small size of sorghum grains allow it 
to be fed whole to other species (McDonald et al., 1987; Carter et al., 1989; Atteh 2002). 
Larger seeds have been shown to have a greater protein and a lower starch content, but 
kernel weight has not been shown to have any effect on the feeding quality of the grain 
(Hicks et al., 2002). Sorghum kernel composition has been examined in multiple studies, 
but the relationship between kernel composition and digestibility is still unclear 
(Hibberd et al., 1979; Hibberd et al., 1982; Streeter et al., 1993).   
Various components of feeding quality have been examined. Acid Detergent 
Fiber (ADF) is the fibrous portion of the kernel that is least likely to be digested and 
generally associated with reduced grain feeding quality (Saha et al., 2010). In sorghum, 
it has been shown that ADF is higher than in corn kernels (Douglas et al., 1990). An 
interaction has also been noted between ADF and kernel protein (Bach-Knudsen and 
Munck 1985). ADF is an important component in the calculation of Net Energy of 
Lactation (NEL), Net Energy Maintenance (NEM), Net Energy Gain (NEG), and Total 
Digestible Nutrients (TDN). Total Digestible Nutrients (TDN) is a measurement used to 
determine the potential energy value of a feed source. This trait has been used for 






Sorghum is thought to contain 95% of the TDN value of maize (Dowling et al., 2002). 
Proximates such as starch, oil, protein, and ash also play an import role in determining 
feed value. Ash is the inorganic residue remaining from the sample once all of the 
organic material is burned away (Saha et al., 2010).   
1.4.4 Sorghum Kernel Protein 
The composition of sorghum grain has been known for decades (Miller 1958; 
Goswami et al., 1969; Sharma and Goswami 1969; Goswami et al., 1970; Reddy 2000). 
Substantial variation in grain protein content has been reported with values ranging 
from 8.73% to 12.81% (Connor et al., 1976; Vannalli et al., 2007). Sorghum generally has 
slightly higher protein content than maize (Bressani and Rios 1962; Oyenuga 1968; 
Bolton and Blair 1977; Hulan and Proudfoot 1982; Douglas et al., 1990; Aduku 1993; 
Tacon 1995; Aletor 1999; Etuk 2008). Maize and sorghum have the same limiting amino 
acids in the grain with particularly low concentrations of lysine, methionine, and 
tryptophan (Shelton et al., 1951; Purseglove 1972; Badi et al., 1990; Olomu 1995; 
McDonald 2002). Significant genetic variation has been reported for kernel protein 
content (Deosthale et al., 1972).  
The prolamins of sorghum are the major storage protein of the kernel. These 
proteins are named kafirins in sorghum as opposed to zeins in maize, and contribute 
70% to 80% of total endosperm protein (Watterson et al., 1993; Hamaker et al., 1995). 
Multiple studies have examined differences in kafirins in the sorghum kernel (Shull et 
al., 1991; Shull et al., 1992; Watterson et al., 1993; Bean et al., 2001). Kafirins are the 






content (Virupaksha and Sastry 1968). Kafirins are also categorized in three different 
classifications: α, β, and γ. These classifications vary in molecular weight, structure, and 
solubility (Esen 1987; Watterson et al., 1993). Of the kafirins, the α-kafirins constitute 
over 70% of the total kernel kafirins (Paulis and Wall 1979; Oria et al., 2000). 
Kernel protein digestibility is largely determined by the structure of kernel 
protein (Hamaker et al., 1995; Oria et al., 2000). Due to their structure, kafirins are more 
difficult to digest than other proteins and are actually the last to be digested by 
consumers (Hamaker et al., 1986; Oria et al., 2000). The fact that the majority of kernel 
proteins are kafirins means that increased protein content does not implicitly imply a 
greater protein digestibility. Genotypic differences in the composition and amount of 
kernel protein have been identified in sorghum (Hamaker et al., 1995). Sorghum 
breeders have worked to select for improved protein quantity and quality within their 
breeding programs (Liang et al., 1969; Sastry et al., 1986); however, these efforts have 
been plagued with difficulties (Bramel-Cox et al., 1990). 
Protein accumulation and synthesis are crucial to feeding quality of sorghum. 
Protein digestibility is crucial when the sorghum grain is used as a food or feed. 
Exogenous factors that affect protein digestibility include tannin content, phytic acid 
content, starch content, and the grain organizational structure (Duodu et al., 2003). 
Endogenous factors that affect protein digestibility include protein structure, 
hydrophobicity, and sulphide bonds (Duodu et al., 2003). Cooking can negatively impact 
protein digestibility of sorghum (Axtell 1981; Duodu et al., 2003).  The digestibility of 






utilized (Chibber et al., 1980; Axtell 1981; Mertz et al., 1984; Hamaker et al., 1986; 
Duodu et al., ; Bookwalter et al., 1987; Hamaker et al., 1987; Rom et al., 1992; Oria et 
al., 1995a; Oria et al., 1995b; Weaver et al., 1998).  
The polyphenols of sorghum have been shown to impact composition and 
availability of nutrients in sorghum grain (Vohra et al., 1966; Rostagno et al., 1973; 
Nelson et al., 1975; Guillaume and Bellec 1977; Sibbald 1977; Elkin et al., 1978; Hahn et 
al., 1984). The sorghum polyphenols, tannins, serve insecticidal and fungicidal purposes 
(Serna-Saldivar and Rooney 1995). High tannin sorghums have low food and feed value 
and are frequently selected against in breeding programs. Tannins can also have a large 
impact on amino acid availability of the grain (Bornstein and Bartov 1967; Stephenson et 
al., 1971; Rostagno et al., 1973). Tannins can bind with up to 12 times their mass of 
grain protein, meaning a small amount of tannin can bind the majority of kernel protein 
making it unavailable for processing and utilization (Butler et al., 1984). Other kernel 
polyphenols such as flavonoids and phenolic acid have not been shown to have the 
same detrimental effects on the digestibility of kernel protein (Serna-Saldivar and 
Rooney 1995; Bravo 1998). 
Fertilization of sorghum fields can impact kernel composition of sorghum. 
Nitrogen fertilization has been shown to increase total kernel protein and the levels of 
17 amino acids (Waggle et al., 1967; Deosthale et al., 1972; Warsi and Wright 1973). 
Lysine is unfortunately not one of the amino acids that exhibited a positive relationship 






prolamin portion of kernel protein shows the most direct response, and under high 
levels of N applications other protein components also increase (Salunkhe et al., 1977).  
1.4.5 Sorghum Kernel Oil  
The majority of oils stored in sorghum kernel are in the germ (Rooney 1978; 
Rooney and Serna-Saldivar 1991; Vannalli et al., 2007). Almost 70% of kernel oil content 
is found in the germ fraction, and these lipids are largely unsaturated (Rooney 1978). 
Sorghum oil shares many characteristics with maize oil, making it a reasonable 
alternative for industrial applications (Rooney 1978). In animal feeding, sorghum oil 
content may affect the feeding ability of the grain and, therefore, fatty acid profiles may 
be useful as a selection tool. With such a large portion of sorghum consumed in 
developing countries, alterative profiles containing more health friendly oils may be 
desirable.  
1.4.6 Sorghum Kernel Starch 
Kernel carbohydrates are stored in the form of starches and represent 
approximately 70% of kernel weight (Jambunathan and Subramanian 1988). Sorghum 
starches are largely composed of amylopectin, with mutant lines available that contain 
either exclusively amylopectin (waxy mutants) or high amylose content in the kernels 
(Boyer and Liu 1983). Sorghum mutant lines have been identified that contain floury, 
sugary, and waxy endosperms (Anglani 1998). In addition to these endosperm types 
common to maize and sorghum, sorghum additionally has basmati and vani endosperm 






have a direct effect on food quality, giving this trait large importance in those areas of 
the world where sorghum is a main food source (Beta and Corke 2001).  
The sugars found in the sorghum kernel endosperm include glucose, fructose, 
raffinose, sucrose, and maltose; although glucose and fructose are found in the highest 
concentrations (Watson and Hirata 1960). Disagreement exists as to whether the major 
sugar in sorghum is sucrose or a combination of fructose and glucose (Watson and 
Hirata 1960; Neucere and Sumrell 1980; Subramanian et al., 1980; Anglani 1998).  
Kernel composition of sorghum grain may be influenced by a variety of factors; 
including climate, soil factors, and fertilization (Aduku 1993; Tacon 1995; Ngoka 1997; 
Etuk and Ukaejiofo 2007; Etuk 2008). Climatic changes can affect some composition 
components of the kernel. Under optimal growth conditions, kernel starches are 
accumulated in greater quantities than protein (Bewley and Black 1994).   
The composition of grain sorghum greatly influences its quality in food products 
(Bello et al., 1990; Fliedel 1994; Taylor et al., 1997). Genetic studies to understand the 
controls of kernel composition have been conducted in sorghum through genome 
mapping efforts (Lin et al., 1995; Pereira et al., 1995; Pereira and Lee 1995). Multiple 
resources including genetic, physical, and comparative maps of the sorghum genome 
are available for use in examining genetic factors of kernel composition (Menz et al., 
1980;2002; Bowers et al., 2003; Paterson et al., 2004). This has presented the 
opportunity for transgenic approaches to be attempted to increase vital kernel 






Near Infrared Spectroscopy (NIRS) is increasingly utilized as a tool to examine the 
composition of kernel grains, including attempts to understand the genetic architecture 
of kernel composition (Rosales et al., 2011; Cook et al., 2012). The results from one such 
study support future research with diverse association populations, and the potential 
use of NIRS on sorghum kernels to determine kernel composition (Sukumaran et al., 
2012).  
The Sorghum Conversion Program was initiated to convert diverse tropical 
sorghum varieties into genotypes with temperate adaptation (Stephens et al., 1967). 
This program resulted in a diverse population of dwarf, photoperiod-insensitive, 
sorghum lines. These materials exhibit diverse kernel compositions and may provide a 







CHAPTER 2. GENOME-WIDE ASSOCIATION STUDY OF LEAF NITROGEN 
REMOBILIZATION IN ZEA MAYS 
2.1 Abstract  
Nitrogen Use Efficiency (NUE) is a major concern of maize breeders and 
producers. Nitrogen Utilization Efficiency (NUtE, the efficiency by which N absorbed is 
utilized to produce grain (Moll et al., 1982)) is one component of NUE, and the most 
important component under N-limited conditions. In this study, 2,400 maize genotypes 
from the Ames Association Panel were grown in 2012 and 2013 and were evaluated for 
chlorophyll concentrations of one leaf above and two leaves below the developing ear 
at different stages of reproductive development. These phenotypes were used to 
examine differences in timing or canopy location of leaf N remobilization among 
genotypes. Genome-Wide Association Study (GWAS) methodologies identified genetic 
markers for N remobilization traits and linked candidate genes associated with 
senescence signaling (auxin, wrky, and map kinase related genes), senescence 
regulation (senescence associated genes (SAGs)), and N remobilization (NADH-
Dependent Glutamate Synthase, Glutamine Synthetase, and aminotransferases). 
Identification of these candidate genes allows for further studies to confirm function 








Maize production relies heavily on N applications to maintain current yields and 
field productivity. Grain yields are highly correlated with N application rates (Castleberry 
et al., 1984). This has promoted high N applications on agricultural soils. The cost of N 
fertilizers has drastically increased in recent years, jeopardizing economic returns on 
maize production (USDA NASS, 2012). Additionally, over-application of N has negatively 
affected ground and surface waters, causing concern over the environmental 
sustainability of current production systems (Jarvis 1996; Socolow 1999; Castillo et al., 
2000; Schilling and Libra 2000; Burkart and Stoner 2001; Sauer et al., 2008). Sustainable 
production of maize will rely on adjustments to current production systems to allow 
high production potential while limiting degradation of the environment. 
NUE has been utilized to study the efficiency of the plant to acquire and utilize 
applied nitrogen. NUE is composed of two components, Nitrogen Uptake Efficiency 
(NUpE, N acquired by the plant / N made available to the plant) and Nitrogen Utilization 
Efficiency (NUtE, grain produced per unit of whole-plant N acquired in the biomass). 
Nitrogen Uptake Efficiency has been improved through selection in breeding programs 
in optimal or high-N environments, while NUtE has been shown to be more important in 
N-limited environments (Duvick 1977; Uribelarrea et al., 2007). NUtE may be improved 
by the remobilization of N acquired during vegetative growth and stored in vegetative 
tissues including leaves and stalks (Muruli and Paulsen 1981; Di Fonzo et al., 1982; Moll 
et al., 1982; Jackson et al., 1986; Moll et al., 1987; Lafitte and Edmeades 1994; Bertin 






switch of vegetative tissues from N sinks to sources (Harrison et al., 2000; Hellmann et 
al., 2000; Lewis et al., 2000; Masclaux et al., 2001). 
In this study, GWAS was used to examine genetic controls of timing and canopy 
location of leaf N remobilization during the grain fill period to identify genetic controls 
of NUtE in a panel of diverse maize lines. Identification of genes and allelic variants 
controlling leaf senescence and N remobilization may provide useful resource for 
enhancing selection for improved NUtE characteristics in breeding programs.  
2.3 Materials and Methods 
2.3.1 Genetic Material 
The Ames Association Panel is a collection of over 2,400 tropical and temperate 
maize lines held at the North Central Regional Plant Introduction Station (NCRPIS) in 
Ames, Iowa. The panel was used as the genetic population for GWAS studies and 
includes popcorn, sweet, dent, flint, tropical, temperate, and ex-PVP (elite temperate) 
corn accessions, and includes the 26 founder parents of the Nested Association Mapping 
(NAM) population (Yu et al., 2008).  
2.3.2 Experimental Design 
The Ames Association Panel was grown in 2012 and 2013 at Purdue University’s 
Agronomy Center for Research and Education (ACRE) in West Lafayette, Indiana in fields 
with a mixture of Chalmers Silty Clay Loam and Raub - Brenton Complex soil types. The 
genotypes were grown in 1-row plots 3.048 m long with 0.762 m alleys between plots 
and 0.76 m between rows. Plots were planted at a population of 54,340 plants per 






the plots.  The experiments were 120 field rows wide and 24 ranges deep for a total of 
2,880 plots. The plots were arranged using an augmented incomplete block design split 
into six maturity blocks to account for variation in maturity among genotypes (Federer 
2005). Maturity block 1 represented genotypes with the earliest flowering time and 
included mostly popcorn and sweet corn types. Maturity blocks 2 through 5 represented 
genotypes with increasingly later flowering times with maturity block 5 representing 
many tropical varieties. Maturity block 6 consisted of ex-PVP material and was largely 
elite temperate material found in elite US corn inbreds. Within each maturity block, 
each range of 20 plots was considered a statistical block and contained two maturity-
block check genotypes and a field-wide check genotype. The maturity checks used in 
2012 were the NAM founder parents P39, Mo17, B97, NC358, Mo18W, and CML247 in 
maturities 1-6, respectively. Due to poor seed yield for some of these checks (Chapter 
3), the maturity checks used in 2013 were adjusted to the ex-PVP lines PHJ40, Mo17, 
PHG35, PHG39, CML 247, and DK3IIH6 in maturity blocks 1-6, respectively. The field-
wide check used in both 2012 and 2013 was B73 with one plot in each statistical block in 
every maturity. Accessions were randomized within each maturity block.  
Plots were planted on May 14th, 2012 and May 20th, 2013. Due to the extreme 
drought that affected much of the Midwest in 2012, drip irrigation was applied to the 
field. Precipitation amounts and silking dates for each maturity group are shown for 
West Lafayette, IN in 2012 (Figure 2.1) and 2013 (Figure 2.2). In both years, 202 kg per 









































































2.3.3 Phenotypic Evaluation 
Relative Vegetative Index (RVI) of individual leaves and plants were measured 
using Opti-Science CCM-200+ Chlorophyll Content Meters (Hudson, NH) to quantify leaf 
chlorophyll content and thus estimate leaf N concentration. CCM-200+ instruments are 
similar to Minolta SPAD meters, but offer the advantages of a larger measurement 
surface (0.71 cm2 vs. 0.06 cm2) and a lower cost (Knighton and Bugbee 2004). Leaves 
were measured at the midpoint of the leaf slightly off of the midrib. Four plants per plot 
were measured at 3 growth stages (VT, R2, and R4). For the maturity groups 4 and 5, 
leaf chlorophyll measurements were halted following the first frost during the R2 and R4 
measurement stages. At each time point, measurements were taken on two plant 
positions, the leaf above the top ear (High leaf (H)) and the leaf two leaves below the 
top ear (Low leaf (L)). Differences in leaf N timing and rate of remobilization were 
quantified based on changes in chlorophyll content between the measured leaves. 
Ratios were calculated to measure the differences in timing or location of leaf N 










 Traits measured to calculate ratios for GWAS 
  VTL = Value of low leaf at VT time point 
  VTH = Value of high leaf at VT time point 
VT = Average of VT high (VTH) and low (VTL) leaf measurements 
R2L = Value of low leaf at R2 time point 
R2H = Value of high leaf at R2 time point 
R2 = Average of R2 high (R2H) and low (R2L) leaf measurements 
R4L = Value of low leaf at R4 time point 
R4H = Value of high leaf at R4 time point 
R4 = Average of R4 high (R4H) and low (R4L) leaf measurements 
Ratios Used to Examine Differences in Leaf N Remobilization Timing 
𝑉𝑇𝑅2 =  
𝑉𝑇 − 𝑅2
𝑉𝑇




 𝑉𝑇𝑅2𝐻 =  
𝑉𝑇 − 𝑅2𝐻
𝑉𝑇




                     𝑉𝑇𝑅2𝐿 =  
𝑉𝑇 − 𝑅2𝐿
𝑉𝑇
                       𝑉𝑇𝑅4𝐿 =  
𝑉𝑇 − 𝑅4𝐿
𝑉𝑇
                     
 Ratios Used to Examine Differences in Leaf N Remobilization Location 
𝑅2𝐻𝐿 =  
𝑅2𝐻 − 𝑅2𝐿
𝑅2𝐻










2.3.4 Genotypic Information 
Genotypic information used for the Genome Wide Association Study (GWAS) 
was acquired through GBS sequencing (Romay et al., 2013). Romay et al., (2013) 
sequenced a total of 2,813 maize accessions stored at NCRPIS. A total of 681,000 SNPs 
were developed in this sequencing across the entire genome, including many rare alleles 
(Romay et al., 2013). A set of 2,400 of these accessions were available in the required 
quantity from the NCRPIS and were grown and used in this GWAS study.  
2.3.5 Statistical Analysis 
SAS statistical software (SAS Version 9.2 for Windows, SAS Institute Inc., Cary, 
NC, USA) was used to examine the RVI chlorophyll measurements for potential errors or 
extraneous data points. PROC GLM was used to test for significant variation between 
examined lines. The model used to analyze these variations in PROC GLM was:  
Chlorophyll Content at Specific Growth Stage = Genotype + Location + Block(Location) 
Where location and block(location) were treated as random variables. 
Variance components from PROC GLM were used to calculate broad-sense 





Best Linear Unbiased Predictors (BLUPs) were calculated on the combined 2012 
and 2013 datasets using SAS PROC MIXED. The common B73 field-wide check was 






block nested within year, and the individual line identifier treated as random effects. 
BLUP values were calculated using the formula below: 
Line BLUP Value = Grand Mean + Individual Est. + 2012 Block Est. + 2013 Block Est. 
The SAS PROC TRANS procedure was utilized to determine the necessity of 
transformation on the BLUPs. Normality was the main criteria used for transformation 
and traits were transformed as needed.  
A Genome Wide Association Study was conducted to identify SNP markers 
associated with ratios used to measure the differences in timing or location of leaf N 
remobilization among genotypes. The analysis was performed with the compressed 
mixed linear model method (Zhang et al., 2010) implemented in the GAPIT R package 
(Lipka et al., 2012). Although compressed mixed linear models and kinship grouping 
were utilized, completion of GWAS using over 2,400 lines and 681,000 SNPs proved 
computationally daunting. To accomplish this, random-access memory (RAM) was 
increased to 32 Gb in an HP Compaq 8200 Desktop Convertible Minitower (Hewlett-
Packard, Palo Alto, California). With this increase in RAM, GAPIT GWAS analysis could be 
conducted through the RStudio R interface (RStudio, Boston, MA) on a chromosome-by-
chromosome basis on each trait separately. A minor allele frequency threshold of 0.05 
was used. Kinships and covariates were calculated on 50% of the total SNPs. 
Compressed mixed models were used to shorten the time required for each trait 
analysis. For each trait, clustering selection was used to determine the ideal kinship 
clustering to maximize genetic variance and heritability while reducing the residual 






then used for the remaining chromosomes for that trait. Compilation code was utilized 
through GAPIT to combine the GWAS results from each individual chromosome and 
recalculate the p-values using the False Discovery Rate (FDR)-controlling method 
(Benjamini and Hochberg 1995).  
Linkage disequilibrium was examined for each of the SNPs found to be significant 
in the GWAS analysis to identify the size of potential linkage blocks. This was conducted 
through the Trait Analysis by Association, Evolution, and Linkage (TASSEL) software 
(Bradbury et al., 2007). 
2.3.6 Candidate Gene Analysis 
SNPs that exhibited an FDR corrected p-value < 0.05 for a trait were evaluated as 
markers for potential candidate genes. A window of 10 Kb adjacent to each significant 
SNP was examined for candidate genes. Candidate genes and annotations were 
identified through the Maize Genetics and Genomics Datatbase (Andorf et al., 2010).  
 
2.4 Results 
2.4.1 Genetic Variance and Trait Correlations 
The combined analysis indicated significant variation for RVI greenness of leaves 
at different positions on the plant and at different stages of development. Basic 
statistics for each trait are shown in Table 2-1. Between 3,480 (R4) and 4,169 (VT) 
phenotypes were analyzed for each trait. The average values for each trait exhibited a 
consistent decline from the VT to R4 time points in both leaf positions from 49.64 (VTH) 






Table 2-1 Basic statistics and trait correlations for RVI greenness characteristics of leaves 











N 4169 4169 3973 3974 3480 3480 
Mean 49.64 43.87 39.42 39.58 23.43 25.45 
Std Dev 12.28 10.99 14.52 13.92 15.88 15.02 
Min 6.40 9.68 0.00 3.00 0.00 3.00 






VTL VTH R2L R2H R4L R4H 
VTL - 0.79*** 0.64*** 0.60*** 0.39*** 0.44*** 
VTH 0.79*** - 0.57*** 0.62*** 0.32*** 0.41*** 
R2L 0.64*** 0.57*** - 0.79*** 0.53*** 0.55*** 
R2H 0.60*** 0.62*** 0.79*** - 0.44*** 0.56*** 
R4L 0.39*** 0.32*** 0.53*** 0.44*** - 0.79*** 
R4H 0.44*** 0.41*** 0.55*** 0.56*** 0.79*** - 
 
       
 
 
    * = 0.05 Significance 
   
 
 
  ** = 0.01 Significance 
    
 
*** = 0.001 Significance 
    
 
Trait correlations were positive and no lower than 0.32 for all pairwise 
comparisons (Table 2-1). At each growth stage, the RVI values for the higher and lower 
leaves were highly correlated (VTH/L = 0.79, R2H/L = 0.79, and R4H/L = 0.79). 
Correlations were generally higher for traits measured at similar time points. R2, as the 
middle time point, exhibited moderate and similar correlations (R2= 0.44-0.64) with all 
traits. The weakest correlations were noted between the VT and R4 traits, which had 







Broad-sense heritabilities were calculated for traits utilizing variance values 
obtained from ANOVA (Appendix C) provided through SAS PROC GLM (Table 2-2). 
Heritabilities were low to moderate for all traits, ranging from 0.44-0.64. Trait 
heritabilities were lower for observations later in the season from a peak of 0.64 for VT 
traits to 0.44 for R4 measurements.   
Table 2-2 Heritabilities of RVI greenness traits for leaves at different positions on the 
plant and at different stages of development 
Trait H   
VTL 0.64   
VTH 0.60   
R2L 0.59   
R2H 0.58   
R4L 0.47   
R4H 0.44   
 
 
2.4.3 Genome Wide Association Studies 
To examine the genetic controls of RVI greenness of leaves at different positions 
on the plant and at different stages of development ratios were calculated from the 
BLUPs for individual traits (VT (average of VTH and VTL), VTH, VTL, R2 (average of R2H 
and R2L), R2H, R2L, R4 (average of R4H and R4L), R4H, and R4L). GWAS was conducted 
on the following ratios to examine genetic controls responsible for chlorophyll 
degradation and remobilization timing: VTR2, VTR2H, VTR2L, VTR4, VTR4H, and VTR4L. 






0-195 significant linkage blocks (Table 2-3). Examination of significant SNPs for these N 
remobilization ratios identified multiple candidate genes for each trait (See Appendix D).  
Table 2-3 Summary of GWAS indicating the number of significant SNPs, linkage blocks, 
candidate genes, and genes with annotations for chlorophyll degradation and 




R2HL R4HL VTR2 VTR2H VTR2L VTR4 VTR4H VTR4L 
Significant SNPs 4 0 9 61 12 345 699 313 
Linkage Blocks 2 0 9 33 10 155 195 141 
Candidate Genes 10 0 26 167 41 1113 2276 1019 
Candidate Genes with 
Annotations 
7 0 15 161 20 469 961 396 
 
Significant SNPs were analyzed for potential candidate genes utilizing a window 
of 10Kb on either side of significant SNPs. Further analysis of these candidates identified 
those that have annotated functions in either maize or Arabidopsis thaliana. Complete 
lists of significant SNPs and associated annotated candidate genes are shown in 
Appendix D.  
We analyzed R2HL and R4HL to examine genetic controls of the particular leaf 
locations of N remobilization between high and lower leaves on the plant. Two 
significant loci were observed for the R2HL trait, one on chromosome 7 with one 
significant SNP and the other on chromosome 8 with three significant SNPs (Figure 2-3). 
Seven candidate genes with annotations were linked to the significant SNPs identified 
for R2HL but there were no obvious relationships with apparent N remobilization (Table 






the ratios related to chlorophyll degradation and N remobilization timing were further 
considered.  
 
Figure 2-3 Manhattan plot of maize leaf chlorophyll content ratio R2HL examining 
relative differences between the R2 high and low leaf measurements 
 
Candidate genes linked to SNPs associated with the chlorophyll degradation 
timing ratios (VTR2, VTR2H, VTR2L, VTR4, VTR4H, and VTR4L) were examined. These 
analyses indicated 15 annotated candidate genes for VTR2, 161 annotated candidate 
genes for VTR2H, 20 annotated candidate genes for VTR2L, 469 annotated candidate 
genes for VTR4, 961 annotated candidate genes for VTR4H, and 396 annotated 
candidate genes for VTR4L (Table 2-3). From the full list of candidate genes identified for 






remobilization were identified for the VTR4 traits, while candidates related to leaf 
senescence were identified for the VTR2 traits.  
2.4.3.1 Examination of VTR2 Traits 
The comparison of the VT and R2 measurements using the VTR2 ratio, identified 
significant loci on chromosomes 1, 2, 4, 7, and 8 for a total of 9 significant loci containing 
9 significant SNPs (Figure 2-4 and Table 2-3). The most significant SNP was observed on 
chromosome 1 with a significance level slightly under –Log 10(p) = 7 (Figure 2-4). The 
trait VTR2H identified 61 significant SNPs across 33 linkage blocks on chromosomes 3, 4, 
5, 6, and 9; although the only peak identified with multiple SNPs was identified on 
chromosome 3 (Figure 2-5 and Table 2-3). Fewer SNPs were identified for VTR2L than 
VTR2H; 12 significant SNPs across 10 different linkage blocks (Figure 2-6 and Table 2-3). 







Figure 2-4 Manhattan plot of maize leaf chlorophyll content ratio VTR2 examining 
relative differences between the VT and R2 leaf measurements 
 
              
Figure 2-5 Manhattan plot of maize leaf chlorophyll content ratio VTR2H examining 







Figure 2-6 Manhattan plot of maize leaf chlorophyll content ratio VTR2L examining 
relative differences between the VT and R2 low leaf measurements. 
 
Many of the candidate genes identified for the VTR2 ratios were related to leaf 
senescence; the majority of which related to signaling of senescence. Two auxin-related 
genes were identified in GWAS analysis for VTR2 traits; an auxin efflux carrier protein 
(GRMZM2G064941; Traits: VTR2, VTR2H, and VTR2L) and an auxin response factor 2 










Table 2-4 Candidate genes of interest for VTR2 senescence signaling 
Gene Annotation 







GRMZM2G335814 GRAS family 
transcription factor 
S1_248676101 1 0.09 0.033 - 
GRMZM2G064941 Auxin efflux carrier 
family protein: 
(ATPIN4,PIN4) 
S2_212641128 2 0.43 0.032 + 




S4_23529175 4 0.17 0.048 - 
* FDR Corrected p-value (Benjamini and Hochberg 1995)  
 
Two other genes were also identified with potential roles in senescence 
activation or regulation: SAG24 (GRMZM2G087233; Trait: VTR2H) and CPR5 
(GRMZM2G158811; Traits: VTR2 and VTR2H) (Table 2-5). SAG24, is thought to serve a 
function in the senescence pathway and CPR5 is thought to function in the senescence 
processes of the leaf.  
Table 2-5 Candidate genes of interest for VTR2 senescence regulation 
Gene Annotation 
SNPs w/in 20 





GRMZM2G158811 CPR5 protein: 
(CPR5,HYS1) 





S5_19441400 5 0.30 0.030 + 
S5_19441434 5 0.27 0.030 - 
S5_19441469 5 0.25 0.017 - 
S5_19448689 5 0.31 0.030 - 
S5_19441435 5 0.27 0.030 - 








2.4.3.2 Examination of VTR4 Traits 
Many significant SNPs were identified for the VTR4 traits. GWAS for VTR4 
identified 345 SNPs representing 155 significant loci. Significant loci were located on 
chromosomes 1, 3, 6, 7, and 9 (Figure 2-7). VTR4H identified the highest number of 
significant markers with 699 significant SNPs organized in 195 loci on chromosomes 1, 3, 
7, 8, and 9 (Figure 2-8). GWAS for VTR4L identified 313 significant SNPs across 141 
linkage blocks. These significant loci were located across the genome, on all 
chromosomes except for chromosomes 4 and 10 (Figure 2-9).  
 
 
Figure 2-7 Manhattan plot of maize leaf chlorophyll content ratio VTR4 examining 







Figure 2-8 Manhattan plot of maize leaf chlorophyll content ratio VTR4H examining 
relative differences between the VT and R4 high leaf measurements  
 
Figure 2-9 Manhattan plot of maize leaf chlorophyll content ratio VTR4L examining 







The analysis of candidate genes for the VTR4 traits identified many genes 
involved in senescence signaling. Candidate genes involved in senescence signaling 
included auxin-related genes; although different than those identified in the VTR2 
analyses (Table 2-6). Other candidates for VTR4 included numerous mitogen-activated 






















Table 2-6 Candidate genes of interest for VTR4 senescence signaling 
Gene Annotation 








     
 
GRMZM2G331638 Auxin-responsive family 
protein 
S1_24743247 1 0.07 0.036 + 
GRMZM2G030465 Auxin-induced protein 13: 
(IAA13) 
S5_214404494 5 0.09 0.047 + 
GRMZM2G066202 Auxin-responsive family 
protein:(AIR12) 
S7_137514390 7 0.24 0.025 - 
GRMZM2G086949 Auxin-responsive factor 
AUX/IAA-related: 
(ARF5,IAA24,MP) 
S10_147122400 10 0.30 0.039 - 
Map Kinase 
 
     
GRMZM2G020216 Mitogen-activated protein 
kinase 6: (MAPK6,MPK6) 
S9_18880032 9 0.06 0.045 + 
GRMZM2G374088 Mitogen-activated protein 
kinase 9: (MPK9) 
S4_239436102 4 0.14 0.038 - 
GRMZM2G173965 Mitogen-activated protein 
kinase kinase kinase 15: 
(MAPKKK15) 
S8_153018091 8 0.25 0.046 - 
GRMZM2G173965 Mitogen-activated protein 
kinase kinase kinase 15: 
(MAPKKK15) 
S8_153018099 8 0.25 0.046 - 
GRMZM2G165099 Mitogen-activated protein 
kinase kinase kinase 16: 
(MAPKKK16) 
S3_205364922 3 0.13 0.035 - 
S3_205364934 3 0.13 0.035 - 
S3_205364946 3 0.13 0.035 - 
GRMZM2G041774 
Mitogen-activated protein 
kinase kinase kinase 16: 
(MAPKKK16) 
S3_205364933 3 0.13 0.035 - 
S3_205364934 3 0.13 0.035 - 
S3_205364946 3 0.13 0.035 - 
S3_205364922 3 0.13 0.035 - 
GRMZM2G131334 Mitogen-activated protein 
kinase 20: (MPK20) 
S8_145846703 8 0.13 0.029 - 
WRKY 
 
     
GRMZM2G120320 WRKY DNA-binding protein 
40: (ATWRKY40,WRKY40) 
S5_92802848 5 0.31 0.025 + 
GRMZM2G125653 WRKY DNA-binding protein 
40: (ATWRKY40,WRKY40) 
S7_115310293 7 0.11 0.040 - 
GRMZM2G065290 WRKY DNA-binding protein 
46: (ATWRKY46,WRKY46) 
S3_184948734 3 0.16 0.006 - 
GRMZM2G382350 WRKY DNA-binding protein 
64: (ATWRKY64,WRKY64) 
S3_185026390 3 0.16 0.038 + 
S3_185026412 3 0.18 0.043 + 
GRMZM5G812272 WRKY DNA-binding protein 
71: (ATWRKY71,WRKY71) 
S8_149078078 8 0.14 0.027 - 







Four other candidate genes for VTR4 were related to senescence activation and 
regulation including SAG12 (GRMZM2G095265; Traits: VTR4 and VTR4H) and SAG29 
(GRMZM2G368827; Trait: VTR4L) (Table 2-7). Two other candidate genes associated 
with senescence regulation included a response regulator (GRMZM2G099797; Trait: 
VTR4L) and ethylene-insensitive-like 3 genes (AC234203.1 FG011; Trait: VTR4L) (Table 2-
7).  
 
Table 2-7 Candidate genes of interest for VTR4 senescence regulation 
Gene Annotation 
SNPs w/in 20 








S8_19968068 8 0.06 0.036 + 
S8_19961897 8 0.11 0.035 + 








S1_28424547 1 0.28 0.028 + 





S1_188064698 1 0.14 0.049 + 
* FDR Corrected p-value (Benjamini and Hochberg 1995) 
 
Five candidate genes for VTR4 have roles in either amino acid metabolism or 
transportation through the plant including Glutamate Decarboxylase 2 
(GRMZM2G355906; Trait: VTR4L), CYP89A9 (GRMZM2G344903; Trait: VTR4), NADH-
dependent Glutamate Synthase 1 (GRMZM2G077054; Trait: VTR4H), Glutamine 
Synthetase 1 (GRMZM2G098290; Trait: VTR4H), and an Amino Acid Permease 3 






Table 2-8 Candidate genes of interest for VTR4 N remobilization 








S2_44719146 2 0.06 0.039 - 





S3_228983258 3 0.38 0.048 - 
GRMZM2G077054 NADH-dependent 
Glutamate 
Synthase 1: (GLT1) 
S8_151221458 8 0.20 0.043 - 





S10_146474711 10 0.07 0.046 - 
GRMZM2G157168 Amino Acid 
Permease 3: 
(AAP3,ATAAP3) 
S10_11315679 10 0.50 0.040 - 
* FDR Corrected p-value (Benjamini and Hochberg 1995) 
 
2.5 Discussion 
2.5.1 Genetic Variance and Trait Correlation 
Genetic variances and trait correlations were calculated before GWAS was 
conducted to ensure significant variation for mapping and to examine relatedness 
among traits before ratio calculation. ANOVA analysis confirmed that significant genetic 
variation existed in the Ames Association Panel for the chlorophyll degradation and 
apparent remobilization timing traits measured in this study.  
Trait correlations demonstrated there was a stronger relationship when less 
temporal separation existed between traits. Traits measured on the same day on 






the growing season. Logically, the VT measurements had a weaker correlation with the 
R4 traits than the R2 traits. Moderate to high correlations were noted between all traits; 
this may in part be due to the consistency in field measurements taken.  
2.5.2 Heritabilities 
Broad sense heritabilities for the leaf greenness traits measured in this study 
were low to moderate, ranging from 0.44-0.64. One possible reason for these low values 
could be the large differences in maturities within the Ames Panel; the lines in Maturity 
1 flowered on average 40 days sooner than the tropical lines found in Maturity 5 
(Figures 2-1 and 2-2). The data from 2012 and 2013 were combined for heritability 
calculations, and the large differences in seasonal weather in these two growing seasons 
may also have contributed to variations in expression of these traits from year-to-year. 
Although drought stress was managed via drip irrigation, heat and drought stress were 
still prevalent. Another possible cause for the low heritabilities may be the time 
required to measure each trait. Even with multiple phenotyping crews, several hours 
were required to collect trait data in any maturity group and this time may have had an 
effect on trait expression.  
 
2.5.3 Candidate Genes for Leaf N Remobilization 
2.5.3.1 Senescence Signaling 
Leaf senescence is a programmed plant process in annual and perennial plants 






machinery. While programmed within the plant, both biotic and abiotic stresses can 
affect the timing of leaf senescence. Research studies on senescence under abiotic 
stresses have identified genes controlling stay-green in sorghum (Borrell et al., 2000). 
While delaying senescence under abiotic stresses such as drought offers the ability to 
increase yields in these environments, senescence delayed too long also has the 
detrimental effects of reducing the amount of nutrients remobilized from vegetative 
tissues to the grain, thereby decreasing nutritional value of the crop (Mi et al., 2002; 
Gong et al., 2005). For this reason, we sought to identify genes controlling the timing of 
leaf senescence and N remobilization to better understand the signaling and 
degradation genes involved in these processes.  
The experimental population in this study experienced heat stress in the summer 
of 2012, while 2013 was an average summer for Indiana. As drip irrigation was applied 
in 2012 and consistent rainfall fell throughout the growing season in 2013, drought 
stress was lessened as a factor in the onset of senescence in this population. The lack of 
abiotic and biotic stress in both years suggests that candidate genes identified in this 
study are involved with normal senescence processes. 
2.5.3.1.1 Candidate genes for VTR2 traits 
Candidate genes linked to SNPs associated with the chlorophyll degradation 
timing ratios indicated roles related to senescence and N remobilization (Tables 2-4 and 
2-5). Previous analyses of signaling elements have identified auxin with a role in cellular 






1988; Buchanan‐Wollaston et al., 2003; Lim et al., 2003; Buchanan‐Wollaston et al., 
2005). Previous studies also demonstrated that there is a delay in the initialization of 
senescence when auxin is applied (Shoji et al., 1951; Sacher 1957). Auxin Response 
Factor 2 (ARF2) has also been observed to be expressed in senescing leaves of 
Arabidopsis thaliana (Ellis et al., 2005). The hormone auxin has been observed to affect 
many plant processes, and ARF2 is a transcription factor controlled by the presence of 
auxin. The ARF2 protein has been shown to have a repressive effect on auxin signaling in 
Arabidopsis thaliana, and mutations in ARF2 delay senescence (Ellis et al., 2005; Lim et 
al., 2010). This suggests that auxin is involved in repressing senescence (Tiwari et al., 
2003). Allelic variants of ARF2 may exhibit different sensitivities to auxin, thereby 
altering the initiation of senescence. Also identified in our analysis was an auxin efflux 
carrier protein. This protein serves a function in the plant transporting auxin; and may 
be responsible for the transportation of auxin to or from ARF2 along the auxin-
senescence pathway. This gene is in the PIN4 family, and PIN genes have been shown to 
affect the auxin gradient in the cell (Forestan and Varotto 2012). Identification of both a 
carrier and a response auxin protein in this study suggest that auxin metabolism and 
signaling may contribute to senescence in the Ames Association Panel.  
A GRAS transcription factor was also identified as a candidate gene for the 
VTR2H trait (GRMZM2G335814; Trait VTR2H). Previous research identified the potential 
of this transcription factor in signaling senescence within the cell (Buchanan‐Wollaston 






suggests that these two signaling elements may be activated earlier in the senescence 
process than other plant signaling molecules. 
2.5.3.1.2 Candidate genes for VTR4 traits 
Candidate genes associated with VTR4 traits indicated a combination of genes 
related to senescence and N remobilization (Tables 2-6, 2-7, and 2-8). Two auxin 
response proteins were identified for the VTR4 trait; GRMZM2G331638 (VTR4 and 
VTR4H) and GRMZM2G066202 (VTR4H). Although research on these particular genes 
has been limited, these genes may function in the auxin-signaling pathway. Additionally, 
an auxin response factor 5 (GRMZM2G086949) was identified for the VTR4H trait. 
Studies have shown this particular response factor is very similar to ARF1, binding with 
auxin responsive elements. ARF5 encodes an indole 3-acetic acid (IAA-24) transcription 
factor in the senescence signaling pathway. Identification of these auxin responsive 
genes, in addition to the IAA auxin induced protein 13 (GRMZM2G030465; Trait: VTR4H), 
further strengthens the potential relationship of auxin in the inhibition of senescence in 
maize (Gan and Amasino 1997; van der Graaff et al., 2006; Mashiguchi et al., 2011; Won 
et al., 2011).  
The WRKY genes have been identified to serve a function in plant cellular 
processes in many studies (Buchanan‐Wollaston et al., 2003; Guo and Gan 2005; 
Gregersen and Holm 2007; Balazadeh et al., 2008). The WRKY53 and WKRY70 
transcription factors have been identified to have positive and negative regulatory 






five other WRKY elements with potential functions in plant signaling processes; WRKY 
40 (GRMZM2G120320; Trait: VTR4H), WRKY 41 (GRMZM2G324999; Trait: VTR4H), WRKY 
46 (GRMZM2G065290; Traits: VTR4H and VTR4L), WRKY 64 (GRMZM2G382350; Trait: 
VTR4H), and WRKY 71 (GRMZM2G812272; Traits: VTR4 and VTR4H). Although these 
WRKY transcription factors have not been determined to have a specific role in 
senescence, their roles have been examined in other plant processes. Both WRKY40 and 
WRKY46 have been found in response to abiotic stresses; heat stress increases 
expression of WRKY40 and drought increases expression of WRKY46 (Dang et al., 2013; 
Ding et al., 2014). It may be possible that our identification of WRKY40 is due to the heat 
stress in the 2012 field season. Notably, WRKY40 has shown negative involvement with 
abscisic-acid (ABA) signaling; another transcription factor with potential effect on 
senescence activation (Yan et al., 2013). WRYK64 and WRKY71 are associated with other 
hormone signaling pathways. WRKY64 has a proposed function in jasmonate signaling, 
while WRKY71 seems to play a role in the gibberellin signaling pathway, activated by 
ABA (Xie et al., 2006; Schluttenhofer et al., 2014).  
Map kinases including mapk 6 (GRMZM2G020216; Trait: VTR4L), mapkk 9 
(GRMZM2G374088; Trait: VTR4H), mapkkk 15 (GRMZM2G173965; Trait: VTR4H), 
mapkkkk 16 (GRMZM2G165099; Trait: VTR4H), and mapk 20 (GRMZM2G131334; Traits: 
VTR4 and VTR4H) were also identified in this analysis suggesting a potential function of 
these genes in the signaling cascades associated with senescence (Table 2-6). There is 
still much to be learned about the role of mapk transcription factors in cascade 






role in leaf senescence cascades. Map Kinase 6 (MPK6) has been shown to function in 
the leaf senescence signaling cascade with a direct relationship to Map Kinase Kinase 9 
(MKK9) (Zhou et al., 2009). Zhou et al., (2009) determined that activation of both MPK6 
and MKK9 are required for senescence to occur regularly. Knockout mutants of these 
genes exhibit delayed senescence. Map kinases have shown wide roles in plant 
processes, and further evaluation of these kinases may elucidate additional roles in 
senescence signaling pathways.  
2.5.3.2 Senescence Activation/Regulation 
In addition to the signaling genes identified in our GWAS analysis, genes with 
roles in activation and regulation of leaf senescence were also identified (Tables 2-7 and 
2-8). These genes exhibit functions in the activation or regulation of senescence.  
2.5.3.2.1 Candidate genes VTR2 traits 
Senescence Associated Genes (SAGs) have been shown to play a key role in 
senescence (Buchanan‐Wollaston et al., 2003; Lim et al., 2007; Li et al., 2012). In this 
study, SAG24 was associated with VTR2 suggesting a potential role in early senescence 
regulation within the plant. CPR5 has beneficial functions in early plant development. As 
the plant ages, CPR5 transcripts increase and appear to stimulate the activation of 
senescence (Jing et al., 2007). Allelic variations in this gene may exhibit differences in 
the timing of senescence. As these genes are involved in early activation of senescence, 






2.5.3.2.2 Candidate genes for VTR4 traits 
SAG12 has been shown to have multiple functions in relation to leaf senescence, 
including the cytokinin signaling pathway, promoting senescence as cytokinin levels 
decrease in the plant (Gan and Amasino 1995; Ori et al., 1999; McCabe et al., 2001). 
Other researchers have suggested that SAG12 has a chloroplast degradation role as a 
protease (Martínez et al., 2008). Still other researchers have suggested that SAG12 may 
play a regulatory role in N remobilization that occurs during leaf senescence (Hollmann 
et al., 2014). Although multiple functions are proposed, a role for SAG12 in leaf 
senescence is strongly supported. Less is known about SAG29, but this gene has been 
identified as a protein on the ABA signaling pathway, furthering the evidence of ABA’s 
role in later stages of senescence signaling (Li et al., 2012). 
An ARR2 (GRMZM2G099797; Trait: VTR4L) gene was identified as a candidate for 
VTR4L (Table 2.7). In Arabidopsis thaliana, ARR2 is necessary for leaf longevity (Lim et 
al., 2007). Transcript analysis has found that overexpression of ARR2 delayed 
senescence; suggesting that allelic variants in ARR2 may delay senescence (Kim et al., 
2006). As ARR2 is phosphorylated by cytokinin to delay senescence, this is further 
evidence of the inhibitive role cytokinins play in leaf senescence (Gan and Amasino 
1997). 
An Ethylene Insensitve 3 (EIN3) gene (AC234203.1_FGP011; Trait: VTR4L) 
identified in this study was also shown to have significant effect on ethylene signaling of 
senescence in Arabidopsis (Li et al., 2013a). Li et al., (2013) observed EIN3 to repress the 






both normal and stressed conditions. Transgenic overexpression of EIN3 had a positive 
effect on the rate of senescence in Arabidopsis thaliana.  
2.5.3.3 Genetic Control of N Remobilization  
Many cellular processes occur during senescence including the remobilization of 
nutrients from the senescing tissue (Himelblau and Amasino 2001; Masclaux-Daubresse 
et al., 2010). One of the nutrients remobilized from these tissues to the grain is N. 
Phosphoenolpyruvate carboxylase (PEPc), Glutamine Synthetase, and Ribulose- 1,5-
bisphosphate carboxylase/oxygenase (Rubisco) constitute a significant portion of the 
stored N in vegetative tissues of the plant (Good and Beatty 2011; Kant et al., 2011). In 
addition to the transcription factors and senescence-related genes identified in our 
GWAS analysis, genes with functions in both conversion and transportation of N were 
also identified. Identification of these specific genes suggests that allelic differences may 
affect the N remobilization rate and NIE of the plant.  
2.5.3.3.1 Candidate genes for VTR4 traits 
The candidate genes identified for VTR2 were related to signaling and activation 
of senescence; none were identified in relation to N remobilization. This may show that 
while signaling and preliminary steps in senescence are induced at the R2 stage, 








During leaf senescence, chlorophyll is catabolized in the chloroplasts to mitigate 
any potential phototoxic effects of free movement within the cell (Hörtensteiner and 
Kräutler 2011). The catabolism of chlorophyll includes multiple steps starting with 
conversion of chlorophyll a and b molecules through multiple steps to fluorescent 
chlorophyll catabolites (FCC) and finally non-flourescent chlorophyll catabolites (NCC) 
(Mach 2013). Recent research has identified a slight variation to this pathway where 
FCCs are converted to fluorescent dioxobilin-type chlorophyll catabolites (FDCC) via 
CYP89A9 (GRMZM2G344903; VTR4). In Arabidopsis thaliana, chlorophyll catabolism 
contributes to the production of non-flourescent dioxobilin-type chlorophyll catabolites 
(NDCC) as the final product on the FDCC pathway (Christ et al., 2013). CYP89A9 is a 
fluorescent chlorophyll catabolite deformylase and converts FCC components to FDCC. 
The high NDCC content in the plant following chlorophyll degradation suggests that 
CYP89A9 has an important function in chlorophyll degradation and nutrient 
remobilization. This cytochrome p450 enzyme may also serve a role in maize chlorophyll 
catabolism (Table 2-8). Allelic variants of CYP89A9 may affect the catabolism cascade of 
chlorophyll.  
GDC2 and AAP3 were identified in a GWAS for VTR4 N remobilization (Table 2-8). 
Glutamate decarboxylase 2 (GDC2) (GRMZM2G355906; VTR4L) is an enzyme in the 
glutamate metabolism pathway that is responsible for the conversion of glutamate to 4-
aminobutanoate (GABA). GABA has been noted to respond to both biotic and abiotic 
stresses (Shelp et al., 1999; Bouche and Fromm 2004). GABA concentration is positively 






function of GABA during plant senescence has not been fully elucidated, it has been 
suggested that GABA functions in C and N metabolism (Ansari et al., 2005; Weigelt et al., 
2008; Tegeder and Rentsch 2010). The proposed role of GABA in plant senescence and N 
remobilization is supported by the identification of Amino Acid Permease 3 (AAP3) 
(GRMZM2G157168; Trait: VTR4H) (Table 2-8). AAP3 is a known transporter of GABA 
(Breitkreuz et al., 1999). Identification of the enzymes responsible for the synthesis and 
transportation of GABA suggests a possible role of GABA and further research is needed 
to determine the specific role and effect GABA has on N remobilization.  
Nitrate-N is taken up by the plant, reduced and stored in many forms including 
the amino acid glutamate. Although glutamate is a major storage form of N, 
transportation of N through the plant is more efficient via other amino acids. Glutamine 
and Asparagine are two such forms that are more efficiently transported through 
phloem (Simpson et al., 1983; Hayashi and Chino 1990; Atkins 2000; Fisher 2000; Tilsner 
et al., 2005). Glutamine Synthetase 1 (GS1) was associated with VTR4 in this study (Table 
2-8). GS1 converts glutamate to glutamine in the cytosol (Brugière et al., 2000; 
Masclaux-Daubresse et al., 2010). In maize, GS1 is found in the cytoplasm and GS2 is 
found in the chloroplast. GS activity has been observed to decrease during leaf 
senescence, attributed largely to the decrease in GS2 activity during chloroplast 
degradation (Streit and Feller 1983; Kamachi et al., 1991; Mitsuhashi and Feller 1992; 
Masclaux et al., 2000; Diaz et al., 2008). Identification of GS1 as a candidate gene in our 
analysis of leaf chlorophyll remobilization further supports that GS1 is the enzyme 






al., 2001; Miflin and Habash 2002; Tercé-Laforgue et al., 2004; Martin et al., 2005). Prior 
studies have noted the role of GS1 in grain filling, kernel number, and grain N (Martin et 
al., 2006; Habash et al., 2007; Hirel et al., 2007). Reduction of kernel number induced by 
changes in GS1 activity suggest an influence on plant sink and subsequent accumulation 
of carbon molecules in the leaves of lines with reduced GS activity (Amiour et al., 2014). 
With effects on kernel number and subsequent carbon allocation to the grain, it has 
been suggested that GS is the rate limiting step for incorporation of inorganic N into 
organic molecules within the plant (Broyart et al., 2009; Amiour et al., 2014). 
Identification of GS1 as a candidate in our analysis suggests allelic variations may 
metabolize glutamate with different efficiencies, affecting the ability to remobilize N.  
After glutamine reaches the reproductive sink, from both remobilized vegetative 
sources and directly from reproductive N acquisition, it must then be metabolized back 
to glutamate for conversion to other amino acids in the grain. This process is completed 
with NADH-dependent Glutamate Synthase (NADH-GOGAT) (GRMZM2G077054; Trait: 
VTR4H). NADH GOGAT converts the glutamine transported to the sink into glutamate; 
and from glutamate to other amino acids such as arginine and proline. There are two 
forms of GOGAT; an NADH–dependent form (as identified in our analysis), and a 
ferredoxin-dependent (FD) form. It has been noted that FD-GOGAT is largely found in 
photosynthetic tissue, whereas NADH-GOGAT is relegated more towards non-
photosynthetic tissue; although some discrepancy exists (Coruzzi and Last 2000). NADH-
GOGAT has been hypothesized as a major candidate in cereal NUE (Quraishi et al., 






suggests activity in the sink may have an effect on the rate of N remobilization and 
NADH-GOGAT may play a role as previous analyses have indicated (Obara et al., 2001; 
Yamaya et al., 2002). 
 
2.5.3.3.1.1 Proposed enzymatic pathway 
 
 
Figure 2-10 Proposed Pathway of Leaf N Remobilization and identified genes affecting 
timing of N remobilization in both sink (NADH-GOGAT) and Source (GS1 and Glutamate 









We propose a model for N remobilization where candidate enzymes are 
localized in both the leaf and reproductive tissues (Figure 2-10). This further supports a 
hypothesized relationship between source tissues and sink tissues controlling the rate of 
N remobilization in the leaves (Seebauer et al., 2004; Cañas et al., 2010; Cañas et al., 
2012) . GS1 and NADH-GOGAT have exemplified coordinated expression during leaf 
senescence and nutrient remobilization (Coschigano et al., 1998). GS1 activity in the 
leaves is crucial to N remobilization as vegetatively-stored glutamate is converted to the 
more mobile glutamine. High activity allelic variants of the GS1 gene allow for more 
efficient conversion of glutamate, ensuring this step in the pathway is not the limiting 
factor. Signaling of GS1 may be completed by a multitude of factors, possibly including 
GABA, metabolized by GDC2 and transported through the plant by AAP3, both identified 
in this analysis of VTR4 traits. Allelic variation for metabolism and transport of GABA 
may affect the signaling and activation of GS1 (this signaling portion of the pathway is 
speculative, and further research must be conducted to confirm). Once glutamine enters 
the reproductive tissue, it must be metabolized back to glutamate for conversion to 
other forms of amino acids in the grain. NADH-GOGAT may convert the incoming 
glutamine into glutamate in non-photosynthetic tissue such as the grain. Differences in 
NADH-GOGAT activation energies affect the speed at which glutamine is metabolized 
and less efficient enzymes may result in a buildup of glutamine in the grain. Highly 
active forms of NADH-GOGAT may utilize glutamine as a transportation mechanism and 
allow delivery to the grain, thereby increasing efficiency of the N remobilization process. 






tissues were identified in this study. Once validated, this would support the theory that 
N remobilization from maize leaves is a process controlled by both the ‘push’ of the 
source vegetative tissues as well as the ‘pull’ from the sink reproductive tissues (Cañas 
et al., 2009).    
2.6 Conclusions 
GWAS was conducted on a diverse population of maize lines in an effort to 
examine genetic controls of the timing of leaf N remobilization. Candidate genes 
associated with leaf senescence and N remobilization were detected. Comparison of 
candidate genes for VTR2 and VTR4 traits suggest that leaf senescence signaling began 
at R2, but not protein degradation or N remobilization under this N fertilization level. 
Conversely, a multitude of genes were noted with functions in both leaf senescence and 
N remobilization in the VTR4 analysis.  
 Evidence in support of both potential sink and source activity on the level of N 
remobilization is further indicated by the genes identified in our analysis of VTR4. GS1, a 
known enzyme in the conversion of amino acids within senescing vegetative tissues was 
noted; as was NADH-GOGAT, found within non-photosynthetic tissues. Significant 
enzymes found in both source and sink tissues are consistent with the theory that N 
remobilization from the leaves is a complex process under source and sink controls. 
 This analysis identified potential candidate genes controlling both the timing of 
senescence and N remobilization. The size of this population provided statistical power 
to identify candidates but further research must be conducted to elucidate the specific 






disease and insect susceptibility. Identification of lines with allelic variation for these 
genes of interest will allow for more detailed analysis of gene function. Implementation 
of selected alleles into a breeding program will contribute to increased NUE; allowing 






CHAPTER 3. GENETIC MAPPING OF KERNEL COMPOSITION IN A DIVERSE POPULATION 
OF ZEA MAYS 
3.1 Abstract 
Maize grain has many end-uses including food, feed, fiber, and fuel. The 
composition of the maize kernel for ash, density, fiber, oil, protein, and starch has a 
large effect on the processing quality and final use efficiencies of the grain. Breeding 
efforts for these traits have been in progress for decades, but the implementation of 
genetic marker technologies offer the opportunity to expedite this and other key 
processes. Near Infrared Spectroscopy (NIRS) can also be used to non-destructively 
analyze the kernel compositions of lines; allowing sampled seed to be planted the 
following season. A Genome Wide Association (GWAS) analysis was conducted on a 
diverse population of more than 2,400 maize lines to identify genetic controls of kernel 
composition. Significant markers for kernel density, oil, and protein were identified. 
Candidate genes located near the significant loci for kernel density identified a heavy 
metal transporter gene (GRMZM2G031528) and a transketolase gene 
(GRMZM2G033208), both activated under the presence of cadmium; suggesting a 
relationship between heavy metal content and kernel density. GWAS for kernel oil 
content showed an association with acyl-CoA:diacylglycerol acyltransferase-2 (DGAT-2, 






suggest that DGAT-2 may contribute to a rate limiting step for oil accumulation, which 
would allow for breeding of improved DGAT-2 activity to potentially increase kernel oil 
content. Analyses of kernel protein showed an association with a transmembrane amino 
acid transporter (GRMZM2G137161) and an amino acid permease (GRMZM2G145989). 
Utilization of these markers and genes in breeding programs may allow for selection of 
maize lines with optimized kernel composition.   
3.2 Introduction 
Maize grain has many uses as food, feed, fiber, or fuel. These applications are 
benefitted by specific profiles of protein, oil, starch, ash, fiber, or differences in kernel 
density depending on the specific end use. Commercial dent maize varieties typically 
contain approximately 71.7% starch, 9.5% protein, 4.3% oil, 1.4% ash, and 6.2% fiber 
(Watson et al., 2003). Genetic variations for these components have been observed in 
diverse panels of maize inbred lines, and exploitation of this diversity could be useful in 
development of lines for specific uses (Flint-Garcia et al., 2009). Increased protein, oil, or 
starch can improve the value of the grain for a specific use. Differences in kernel density 
can affect the processing quality of the grain since kernels with different hardness 
profiles must be processed using different methods, altering the time and effort 
required to obtain a final product.  
 Breeding efforts to improve grain quality have been conducted by many 
programs and the results have been previously outlined (Wall and Paulis 1978; Nelson 
1979, 1980; Axtell 1981). Typically these efforts involved creation of a breeding 






harvest. This process was both time and labor consuming as the samples were usually 
ground for analysis, and selected lines must rely on non-sampled seed for propagation. 
Utilization of NIRS allows researchers to quickly sample whole kernels, and then use 
those same kernels as seed if the line is selected to advance. As this process is more 
time efficient for both sample preparation and analysis, larger populations can be 
analyzed with the same amount of effort, saving time and resources within a breeding 
program and allowing potentially for greater gain per cycle of selection. NIRS technology 
is also developing rapidly and declining in price. As such, there is potential to increase 
efficiency and efficacy of breeding programs in the developing world.  
In this study, a large population of diverse maize inbred lines was characterized 
for variations in kernel composition (ash, density, fiber, oil, protein, and starch) using 
NIRS. GWAS was then performed to identify the genetic controls of these kernel 
composition traits. Significant markers for kernel density, oil, and protein were detected 
and used to identify possible candidate genes controlling these composition traits.   
 
3.3 Materials and Methods 
3.3.1 Genetic Material 
Analyses of kernel composition were conducted for association mapping utilizing 
the same population of diverse maize inbred lines as described in Chapter 2 Genetic 
Material. Ears from more than 2,400 genotypes were harvested for kernel composition 







3.3.2 Experimental Design 
This study utilized the same experimental design as Chapter 2, an augmented 
design separated into six maturity groups with each range in a maturity treated as a 
block. Further details on experimental design and plot handling in both 2012 and 2013 
can be found in Chapter 2 Experimental Design. 
 
3.3.3 Phenotypic Evaluation 
Four self-pollinations were completed for each plot in the experiment, including 
the check varieties. From these self-pollinations, the three best ears were selected at 
physiological maturity (R6; Hanway 1966). Ears were harvested into mesh bags by plot, 
placed onto a forced air dryer at 35°C and shelled into one bulk sample per plot using an 
Agriculex SCS-2 single ear corn sheller (Agriculex Inc. Guelph, Ontario, Canada).  
NIRS was conducted on whole kernels with a Perten DA 7250 NIR analyzer 
(Perten Instruments, Hagersten, Sweden). NIRS calibration information can be found in 
Appendix E. A concave mirrored sampling dish (breeder cup) was utilized to measure a 
sample of 15 kernels from each bulk sample. Reflectance analysis was conducted on 
these samples, measuring the wavelength of light returning to the sensor from the 
sample. This system is not a transmittance analysis, and the portion of the kernel which 
reflects the light emitted may have an effect on the composition analysis. To account for 
this variability, and potentially reduce error attributed to machine measurement 






three times in the breeder cup, for a total of six separate measurements which were 
averaged into a final plot mean by the NIRS internal software.  
Kernel samples exhibited slightly different moisture values at the time of 
measurement. To account for this variation, all trait values were converted to a dry basis 
(db) value using a grain moisture conversion ratio (Extension 2006). Basic statistics for 
the moisture values, separated by maturity group, are shown in Table 3.1.  
Table 3-1 Statistics for moisture values from NIR used for dry basis conversions 
 
Mean Std Dev Min Max 
Maturity 1 8.04 1.76 4.09 14.54 
Maturity 2 8.14 1.30 3.76 11.67 
Maturity 3 7.74 1.16 3.56 11.02 
Maturity 4 7.82 1.09 2.14 11.08 
Maturity 5 8.47 1.09 2.14 11.08 
Maturity 6 8.40 1.32 3.34 11.72 
 
3.3.4 Genotypic Information 
Genotyping-By-Sequencing (GBS) data were utilized for GWAS analysis from 
Romay et al., (2013), the same as used for Chapter 2 Genotypic Information. In total, 
680,000 Single Nucleotide Polymorphism (SNP) markers were utilized in this analysis.  
3.3.5 Statistical Analysis 
Dry basis trait values were used for statistical analyses including: examination for 
outlying data points, testing for significant genetic variation, calculation of trait 
heritabilities, calculation of Best Linear Unbiased Predictors (BLUPs), GWAS analysis, and 
examination of maize linkage blocks as described in Chapter 2 Statistical Analysis. 






NC, USA) was utilized for examination of outlying data points, genetic variation testing, 
heritability and BLUP calculations. R statistical analysis software was used for GWAS 
analysis utilizing the compressed mixed linear model method (Zhang et al., 2010) in the 
GAPIT package (Lipka et al., 2012). Linkage block analysis was conducted in TASSEL V 5.0 
(Bradbury et al., 2007). BLUP spatial correction and GWAS statistical codes are 
presented in Appendices F and G, respectively. A minor allele frequency (MAF) of 0.05 
was utilized in the GWAS analysis. SNP markers that do not meet this threshold were 
removed. Candidate genes for each trait were identified by searching within a 20 Kb 
window of significant SNPs. 
3.3.6 Candidate Gene Analysis 
Significant SNPs were examined for candidate genes as described in Chapter 2 
Candidate Gene Analysis. A 20 Kb window surrounding each significant SNP was 
examined through the B73 v2 annotation on MaizeGDB (Lawrence et al., 2005). Genes 
within that window were recorded along with their annotated functions (Appendix I).  
3.3.7 Transcript expression analysis 
Maize transcript analysis was conducted to examine expression profiles of 
candidate genes throughout the plant in different phases of the growth cycle. This was 
accomplished on candidate genes through the maize eFP browser (Winter et al., 2007). 
Candidate genes were examined in the browser for relative expression in kernels 








3.4.1 Genetic Variance and Trait Correlations 
Trait correlation analyses were conducted using SAS PROC CORR on the grain 
composition traits measured using the Perten NIRS. Between 2,100 and 4,904 data 
points were collected for each trait from the association panel of over 2,400 maize 
inbred lines grown in 2012 and 2013. Significant genetic variation (p<0.05) was observed 
for ash, density, fiber, oil, protein, starch (Appendix H; Table 3.2). The standard 
deviations for these traits ranged from 0.07 to 4.77.  
 











N 2160 4903 2611 4884 4904 4704 
Mean 1.11 1.46 1.92 4.63 14.92 59.43 
Std Dev 0.09 0.07 0.69 1.20 2.00 4.77 
Min 1.01 1.16 1.10 2.17 9.11 48.30 













Ash Density Fiber Oil Protein Starch 
Ash - -0.19*** 0.06*ss   0.08*** 0.09*** -0.08*** 
Density -0.19*** - -0.25*** 0.25*** 0.23*** -0.41*** 
Fiber 0.06*dd     -0.25*** - -0.28*** NS -0.14*** 
Oil 0.08*** 0.25*** -0.28*** - 0.36*** -0.35*** 
Protein 0.09*** 0.23*** NS 0.36*** - -0.69*** 
Starch -0.08*** -0.41*** -0.14*** -0.35*** -0.69*** - 
 
       
 
 
    * = 0.05 Significance 
     
 
  ** = 0.01 Significance 
    
 
*** = 0.001 Significance 







Correlations between the kernel traits were significant for all pairwise 
relationships, except fiber and protein. With the exception of ash and fiber (p = 0.05), all 
correlations are significant at the p = 0.001 level. Ash levels were weakly correlated with 
all traits and negatively correlated with density and starch. Kernel density exhibited low 
to moderate correlations with all traits (R2=-0.41 to 0.25). Fiber exhibited weak negative 
correlations with density, oil, and starch but was poorly correlated with ash (R2=0.06). 
Oil exhibited a moderate positive correlation with protein content (R2=0.36) and a 
moderate negative correlation with starch (R2=-0.35); starch is negatively correlated to 
protein with a moderate strength (R2=0.69).  
3.4.2 Heritabilities  
Broad-sense heritabilities were calculated using PROC GLM to estimate the 
variance components (Table 3.3). The lowest observed heritability was observed for 
kernel ash (0.11), and the highest heritability for kernel oil (0.66).   
Table 3-3 Heritabilities of maize kernel traits measured in multilocation trials 
Trait H     
Ash 0.11     
Density 0.57     
Fiber 0.24     
Oil 0.66     
Protein 0.60     
Starch 0.40     
 
3.4.3 Genome Wide Association Studies 
Genome wide association analyses were conducted to identify SNPs associated 






identified for each trait; falling within 0 to 242 linkage blocks (Table 3.4). Multiple genes 
were often identified for each SNP and the total number of candidate genes for each 
trait ranged from 0 to 2,787. Further examination of these associated genes for known 
annotations resulted in 0 to 1,232 annotated genes (Appendix 3.5). In decreasing order, 
the kernel traits with the most annotated genes are protein (1,232), density (155), oil 
(43), fiber (2), ash (0), and starch (0) (Table 3.4).    
 







Manhattan plots were created to demonstrate SNP associations for kernel 
composition traits. Significance thresholds for SNP markers ranged from -Log10(p) = 5 to 
6.75 (Figures 3.1-3.4). For kernel density and oil (Figures 3.1 & 3.3), pronounced and 
distinct peaks were noted on chromosomes 3 and 9 (density) and 5 and 6 (oil). Kernel 
fiber exhibited a significant SNP on chromosome 5 (Figure 3.2). For kernel protein, 
significant SNPs were observed but distinct peaks were more difficult to identify (Figure 




Ash Density Fiber Oil Protein Starch 
Significant SNPs 0 114 1 27 819 0 
Linkage Blocks 0 45 1 14 242 0 
Associated Genes 0 334 3 83 2787 0 
Candidate Genes 
with Annotations 






> 13 on chromosome 9 (Figure 3.1). Oil and protein traits both exhibit significant peaks 
near –log10(p) = 7 (Figures 3.3 & 3.4).  
 







Figure 3-2 Manhattan plot of SNPs associated with maize kernel fiber 
 








Figure 3-4 Manhattan plot of SNPs associated with maize kernel protein  
 Analysis of maize kernel fiber identified one significant SNP on chromosome 5, 
S5_6133336. Subsequent analysis of candidate genes within 10 kb of this SNP identified 
3 associated genes, 2 of which had annotations. Although two candidates were 
identified, neither warranted further examination.  
GWAS analysis of kernel oil resulted in the identification of 27 significant SNPs 
located in 14 linkage blocks. Candidate genes were examined within a 10 Kb of these 
SNPs, and 83 candidate genes were identified. 43 of these genes have known 
annotations (Appendix I-2). Of the 43 annotated genes identified, an acyl-
CoA:diacylglycerol acyltransferase-2 (DGAT-2) gene was identified on chromosome 6 







Table 3-5 Candidate Gene of Interest for Kernel Oil Composition 
 
 
GWAS analysis of maize kernel density identified 114 significant SNPs on 45 
linkage blocks. 334 genes were found to be located within 10 kb of these 114 SNPs. 
Analyses of candidate genes identified 155 genes with known annotations (Appendix I-
1). On chromosome 3, a gene encoding a heavy metal transport and detoxification 
protein was identified near significant marker S3_156795071 (GRMZM2G031528; Table 
3-6). Also identified in maize kernel density analysis was a transketolase 
(GRMZM2G033208) found near S9_22781026 on chromosome 9.  
 
Table 3-6 Candidate Genes of Interest for Kernel Density 









superfamily protein  
S3_156795071 3 0.13 .0017 - 
GRMZM2G033208 Transketolase S9_22781026 9 0.09 .0018 + 
* FDR Corrected p-value (Benjamini and Hochberg, 1995)  
 
 










S6_104858735 6 0.15 .0010 + 






Maize kernel protein was analyzed through GWAS analysis. 819 significant SNPs 
were identified across 242 loci. Analysis of candidate genes within 10kb of these 
significant SNPs identified 2,787 genes, of which 1,232 were annotated (Appendix I-3). 
On chromosome 2 an amino acid transporter was identified near the SNP S2_42001237 
(GRMZM2G137161; Table 3-7). Also identified on chromosome 9 near SNP S9_73922636 
was amino acid permease 1 (GRMZM2G145989).  
 
Table 3-7 Candidate Genes of Interest for Kernel Protein  
Gene Annotation 
SNP w/in 






Amino Acid Permease 
1 (AAP1,NAT2) 





S2_42001237 2 0.16 0.008 + 
* FDR Corrected p-value (Benjamini and Hochberg, 1995)  
3.5 Discussion 
3.5.1 Genetic Variance and Trait Correlations 
The kernel composition traits examined in this study exhibited significant genetic 
variation. The two kernel composition traits with the lowest number of samples were 
ash and fiber with 2,160 and 2,611 samples, respectively.  Compared to the other traits 
which utilized between 4,704 to 4,904 data points, the sample number for ash and fiber 
were considerably less. When NIRS was conducted, all kernel traits were acquired from 
the same sampling run. Variation in the number of samples for each kernel trait was the 
result of the removal of values which lie outside of the range of the calibration 






commercial maize samples. In the association panel some diverse lines are significantly 
different for the measured trait than commercial U.S. maize. Ash and fiber had a much 
greater number of sampled values outside of the calibration range (both high and low) 
than the other kernel composition traits examined, thus explaining the lower number of 
observations for these traits.  
Trait correlations were significant for all relationships except for protein and 
fiber. Weak relationships were noted between ash and all other measured components 
with density and starch displaying negative relationships. Moderate correlations were 
noted for density with other components (R2=0.19 to 0.41) with oil and protein 
exhibiting positive relationships. The majority of kernel oil is found in the embryo, a 
small and dense portion of the kernel. It is therefore reasonable that increases in kernel 
oil, and subsequently the relative size or density of kernel embryo, may have an overall 
effect on kernel density. Conversely, the negative relationship between kernel density 
and starch content (R2=-0.41) may be an effect of the larger relative size of the less-
dense kernel endosperm in high-starch lines of maize. The correlation of fiber to other 
traits was consistently small (R2=-0.28 to -0.06), and negative with all traits except ash 
(R2=0.06).  Kernel oil, as expected, was found to share a moderate (R2=0.36) positive 
correlation with kernel protein (Coleman and Moore 2003) and a moderate (R2=-0.35) 
negative correlation with starch (Motto et al., 1997). As reported in many earlier studies 
(Murphy 1980; Hannah 1997; Motto et al., 1997; Coleman and Larkins 1999; James et 








Broad-sense heritabilities for the kernel composition traits ranged from 0.08 (for 
ash) to 0.57 (for oil). The lower heritabilities of the ash and fiber traits (0.08 and 0.18, 
respectively) suggest that GWAS for these traits with the current NIR calibration may 
not be useful. Broad-sense heritabilities were moderate for the other kernel 
composition traits included in this study including density (0.47), oil (0.57), and protein 
(0.50). These heritabilities are lower than those in previous studies (Cook et al., 2012), 
and are most likely the result of different heritability calculation methodology, 
population size, and/or experimental design.  
3.5.3 Candidate genes for kernel composition 
Candidate genes were identified near SNPs associated with maize kernel density, 
oil, and protein (See Appendix I for a complete list of candidates). Examination of SNPs 
associated with kernel oil content identified significant loci on chromosomes 1, 3, 5, 6, 7, 
8, and 9. The most significant association was for a SNP mapped to chromosome 6 
(Table 3.5). Examination of genes near this loci identified an acyl-CoA:diacylglycerol 
acyltransferase-2 (DGAT-2, GRMZM2G169089) gene. DGAT-2 was implicated with 
variations in kernel content in previous QTL and GWAS studies for kernel oil (Dudley et 
al., 1977; Goldman et al., 1993; Goldman et al., 1994; Berke et al 1995; Dudley 2007; 
Dudley et al., 2007; Cook et al., 2012; Li et al., 2013b).   
Further analyses of DGAT-2 was conducted to examine transcription profiles in 
the B73 referenced genome across different growth stages employing the Maize eFP 






informative expression pattern (Sekhon et al., 2011). The expression of DGAT-2 was 6.4 
fold greater in the kernel embryo than average across the plant for this gene. Expression 
profiles of DGAT-2 in other kernel portions (endosperm and pericarp) were near 
average. These results are consistent with DGAT-2 playing an important role in kernel oil 
biosynthesis since the majority of kernel oil is found in the embryo.   
The oil biosynthetic pathway to which DGAT-2 belongs produces a final product 
of triacylglycerol (TAG). In many plants, this lipid serves as a storage lipid in the seed for 
germination and provides a reduced form of carbon that can be utilized for germination 
and early seedling growth (Lung and Weselake 2006). The TAG biosynthesis pathway, 
also known as the Kennedy Pathway (Kennedy 1961), is largely located in the 
endoplasmic reticulum, although some scientific debate has existed surrounding the 
potential additional locations in oil bodies throughout the cell (Appelqvist 1975; 
Mukherjee 1986; Stobart et al., 1986; Murphy and Mukherjee 1987; Stymne and Stobart 
1987; Garcia et al., 1988; Murphy 1988; Bernerth and Frentzen 1990; Browse and 
Somerville 1991; Oo and Chew 1992; Kamisaka and Nakahara 1994; Lacey and Hills 
1996;). The Kennedy Pathway contains 4 enzymes; glycerol-3-phosphate acyltransferase 
(GPAT), lyso-phosphatidic acid acyltransferase (LPAT), phosphatidate phosphohydrolase 
(PAPase), and diacylglycerol acyltransferase (DGAT).  
Examination of the transcription profiles of DGAT-2 support its function in oil 
biosynthesis during seed development, as increases in DGAT-2 activity correlated with 
oil accumulation (Aymé et al., 2014). DGAT activity has been observed to increase 






decreases to almost no activity once oil accumulation is complete (Tzen et al., 1993; 
Weselake et al., 1993; Jako et al., 2001). In addition to enzymatic profiles showing the 
increases in DGAT activity during seed oil accumulation, analysis of DGAT-2 activity 
relative to the other enzymes in the TAG pathway has been conducted.  Results indicate 
that of the four enzymes involved, DGAT exhibits the lowest activity (Stobart et al., 
1986; Perry et al., 1999). This suggests that DGAT-2 may in fact be the limiting step in oil 
accumulation in the seed. Furthering this theory, analysis of TAG intermediates has 
noted diacyl-glycerol (DAG), the intermediate molecule utilized by DGAT-2 to form TAG, 
is the intermediate in highest accumulation in the cell (Ichihara and Noda 1980; Ichihara 
et al., 1988; Perry and Harwood 1993; Settlage et al., 1995). This evidence suggests the 
importance of DGAT-2 in kernel oil biosynthesis, and allelic variants for DGAT-2 may 
support higher activity level, thereby utilizing the DAG currently exhibited to be in 
excess with a resulting increase in overall oil accumulation in the kernel.  
For kernel density, highly significant SNPs were identified on chromosomes 1, 3, 
and 9. Potential candidate genes were examined for activity levels in the kernel. Several 
candidates with above-average expression in the kernel were identified (Table 3.6). On 
chromosome 3, a significant SNP peak was located near a heavy metal transport protein, 
GRMZM2G031528 (Table 3.6). Annotations of this gene in Arabidopsis thaliana 
(AT2G35730) have shown responsiveness to cadmium and function as a binding and 
transporting protein of heavy metals. In maize, this gene has shown increased activity 
through all stages of kernel development in the embryo relative to overall plant 






cadmium) and kernel density gains further support when examining other loci 
significant for this trait. A transketolase (GRMZM2G033208) gene was identified in close 
proximity to a significant locus on chromosome 9 (Table 3.6). In Arabidopsis thaliana, 
this transketolase gene (AT3G60750) has been shown to be expressed in the seed, and 
activated under cadmium and salinity stresses. These results suggest there may be an 
association between kernel heavy metal content and density. A reduction in expression 
(relative to mean expression) was noted for kernel endosperm beginning at the R3 
growth stage (Winter et al., 2007).   
GWAS analysis of kernel protein content identified significant loci on multiple 
chromosomes (1, 2, 3, 5, 8, and 9). On chromosome 2, a transmembrane amino acid 
transporter (GRMZM2G137161) was identified near a significant locus for this trait. 
Expression analysis demonstrated high levels of expression for this gene in developing 
kernel embryos and decreasing activity in leaves during remobilization stages of growth. 
The annotated function of the orthologous gene in Arabidopsis thaliana (AT5G15240) 
suggests a role in movement of amino acids into the seed during N remobilization. 
Previous research identified the role of this amino acid transporter gene in movement 
of N into and throughout the seed in the form of amino acids (Masclaux‐Daubresse et 
al., 2008). Allelic variants of this transporter-encoding gene may increase the movement 
of amino acids into the seed, providing more available N to amino acid biosynthesis 
pathways within the seed.  
Analysis of significant loci on chromosome 9 revealed a gene encoding Amino 






of AAP1/NAT2 has been shown to be highest in the embryo, but average in the rest of 
the kernel; suggesting a role in amino acid movement into the embryo portion of the 
seed. In Arabidopsis thaliana, there are six known AAP genes, with different affinities to 
the transport of different amino acids (Fischer et al., 2002). AAP1 has been shown to 
have lower efficiencies of movement for the amino acids tryptophan, phenylalanine, 
threonine, valine, and cyclic amino acids (Fischer et al., 2002). It has also been shown to 
have a low affinity towards the common forms of amino acids (Asparagine, Glutamine, 
and Glutamate) by which N is remobilized from other plant tissues to the seed. This 
suggests that AAP1 proteins may be utilized in the transport of amino acids formed in 
the seed (pericarp and endosperm) to other locations within the seed (germ), although 
they must work in conjunction with other transporters that initially supply N to the 
seed. Results indicating significance in both AAP1 and the transmembrane amino acid 
transporter indicate that differences in protein content are a result of source strength, 
supplying N to the seed, as opposed to metabolism within the seed.  
3.6 Conclusion 
A diverse maize population of over 2,400 inbred lines was examined for kernel 
composition characteristics in 2012 and 2013. A Perten DA 7250 NIRS analyzer 
measured ash, density, fiber, oil, protein, and starch on 15-kernel samples. Genotypic 
information of over 680,000 SNP markers provided resolution of the mapping results 
and allowed for identification of candidate genes in relation to the kernel density, oil, 






Examination of kernel oil identified a significant relationship with DGAT-2. DGAT-
2 serves an important function in the kernel oil biosynthesis pathway. Examination of 
prior literature and transcription expression of this gene provides further support of its 
importance in oil biosynthesis (Dudley et al., 1977; Goldman et al., 1993; Goldman et al., 
1994; Berke 1995; Dudley 2007; Dudley et al., 2007; Winter et al., 2007; Cook et al., 
2012; Li et al., 2013b;). GWAS analyses of kernel density identified a heavy metal 
transport gene (GRMZM2G031528) and a transketolase (GRMZM2G033208) gene. Both 
of these genes have been found to be activated with the presence of cadmium, and 
their significance in GWAS analysis allows us to propose a relationship between 
cadmium and kernel density. Examination of kernel protein identified two candidate 
genes related to amino acid transport, a transmembrane amino acid transporter 
(GRMZM2G137161) and an amino acid permease (GRMZM2G145989). Expression 
profile analysis suggests that the transmembrane amino acid transporter, 
GRMZM2G137161, is utilized in movement of remobilized N to the grain, and the amino 
acid permease is responsible for movement of N in the form of certain amino acids into 
the embryo.  
This study identified five candidate genes of interest associated with kernel oil 
(1), density (2), and protein (2). Further research is needed to confirm these 
relationships. Future research may identify allelic variants of these candidates for 
functional genomic studies to confirm an effect on the examined phenotype. With the 
large population of the Ames Diversity Panel at our disposal, the potential exists for 






Confirmation of the effects of these genes and identification of lines with unique alleles 
will benefit a breeding program aimed at improved kernel characteristics. Breeders 
would then have access to this germplasm and SNP markers, allowing for more efficient 














CHAPTER 4.  GENETIC MAPPING OF KERNEL COMPOSITION IN A DIVERSE POPULATION 
OF SORGHUM BICOLOR  
4.1 Abstract  
Sorghum grain is utilized globally for food, feed, fiber, and fuel. In parts of the 
developing world, particularly in Africa, sorghum is a large portion of the daily diet of 
the local population. In the United States, sorghum grain is a livestock feed in the 
western Midwest and Great Plains regions. The composition of the grain has a large 
effect on the nutritional and feed values of the crop. Increasing the understanding of 
the genetic controls involved in kernel development will assist breeders in selecting the 
best lines for the desired end use.  In this study, we utilized a diverse panel of sorghum 
lines from the Sorghum Conversion Program in 3 locations in 2013 to conduct a GWAS 
study to identify genetic controls of kernel composition. A sample of whole kernels from 
each genotype was analyzed using Near Infrared Reflectance Spectroscopy (NIRS) for 
grain composition analysis. Phosphoenolpyruvate Carboxylase (PEPC) and K+ 
Transporter genes were located near significant SNPs for the sorghum grain feeding 
quality traits. A glutamate synthase gene was identified near a significant SNP for kernel 
protein. Results from this study will allow further analysis for potential use in breeding 







Sorghum bicolor (L.) Moench is grown worldwide for forage and grain. 
Originating in Africa, sorghum has greater tolerance to both heat and drought stresses 
than other cereal crops including maize (Watson et al., 1970; Murty and Kumar 1995; 
Maunder 2005). This adaptation to high stress environments has resulted in large 
production acreages in the high plains of the U.S. and throughout Africa. With the 
increased installation of irrigation systems in the western plains, sorghum acreage has 
decreased as maize production has increased in these regions. More recently, water 
shortages in these regions, moratoriums on new wells, and a decline in the Ogallala 
Aquifer water level have prompted growers to reconsider their farming strategies. It is 
possible that maize production may no longer be economically feasible or reliable for 
these regions in the long term, leading to increased production and utilization of 
sorghum once again.  
Sorghum grain is utilized for human food and animal feed, dependent upon the 
region of the world in which it is grown (Obizoba 1988; Brannan et al., 2001). While the 
majority of sorghum grain is used for feed worldwide, it also serves as an important 
food source (Maunder 2002). In developing countries, sorghum grain constitutes a 
major portion of the caloric intake of the population, while in the U.S. sorghum is an 
important and gluten-free wheat substitute for those with celiac disease (Yousif and El 
Tinay 2001; Fenster 2003). The efficiency of feeding and nutritional values of sorghum 







When fed to livestock, sorghum grain is usually analyzed for feeding quality to 
control the nutritional value of the feed for optimal livestock growth. These feeding 
traits include Acid Detergent Fiber (ADF), Net Energy of Gain (NEG), Net Energy of 
Lactation (NEL), Net Energy of Maintenance (NEM), and Total Digestible Nutrients (TDN). 
Combined, these measurements give a value of the fibrous portion of the grain (ADF), 
energy value (NEG, NEL, and NEM), and the overall nutritional value of the crop (TDN). 
Protein composition of the grain is also of importance for both animal and human 
consumption. NIRS can be used to measure these grain quality parameters. NIRS offers 
the advantage of measuring these traits on small amounts of whole grain allowing for 
non-destructive line selection and advancement.  
GWAS was used in this study to characterize a panel of diverse Sorghum bicolor 
lines to identify the genetic controls of these kernel quality traits. More than 100,000 
Single Nucleotide Polymorphism (SNP) markers were evaluated, allowing for the 
identification of candidate genes across three chromosomes (2, 3, and 4) for feeding 
quality traits; a glutamate synthase candidate gene was also identified on Chromosome 
9 for kernel protein content. The role of glutamate synthase in kernel protein 
biosynthesis has been well researched, and results from this study suggest a relationship 







4.3 Materials and Methods 
4.3.1 Genetic Material 
Sorghum bicolor lines selected for use in this study were a collection of 840 
diverse lines from the Sorghum Conversion Program; converted from photoperiod 
sensitive to photoperiod insensitive types (Stephens et al., 1967).  This material includes 
tropical sorghums and representative lines from caudatum, kafir, guinea, and durra 
families. These lines were acquired by the P.J. Brown Lab (University of Illinois, 
Champaign/Urbana, IL) from the United States Department of Agriculture - Agriculture 
Research Service - Plant Genetic Resources Conservation Unit (USDA-ARS-PGRCU) in 
Griffin, GA. Also included in this panel were BTx623, the reference genome, and Macia 
as checks.  
4.3.2 Experimental Design 
The association panel was grown in three locations in 2013; Purdue University’s 
Agronomy Center for Research and Education (ACRE; 4540 US 52 West, West Lafayette, 
IN) and through collaboration with P.J. Brown at the University of Illinois’s Northwestern 
Illinois Agricultural Research and Demonstration Center (NIARDC; 321 210th Ave, 
Monmouth, IL) and the Energy Biosciences Institute (EBI) Energy farm (4110 S Race St, 
Urbana, IL). Lines were evaluated in an augmented design at each location, with 20 
blocks of 15 lines each. One each of BTx623 and Macia were assigned to each block 
randomly as checks. Plots were planted at a population of 242,060 plants per hectare. 
At the ACRE location, lines were grown in 3.81 m long plots with 0.762 m alleys in a field 






The 48 rows at NIARDC were grown 20 ranges deep in 3.65 m plots with 1.22 m alleys 
into Muscatune and Osco silt loams. At the EBI Energy farm, 3.65 m plots with 1.22 m 
alleys were placed into the same 48 rows by 20 range design as the NIARDC location. 
The Drummer silty clay loam soil type at the EBI Energy Farm promoted strong growth, 
but the location of the plots in the field near a drainage way and abnormally high rainfall 
in May 2013 subjected some plots at this location to flooding stress.  
4.3.3 Phenotypic Evaluation 
 Three panicles per plot were self-pollinated in experiments at each 
location. These heads were mechanically threshed and bulked into a single sample per 
plot. Near Infrared Reflectance Spectroscopy (NIRS) was conducted on whole kernels 
with a Perten DA 7250 NIR analyzer (Perten Instruments, Hagersten, Sweden). Seed 
samples of 2.46 milliliter (ml) were analyzed using a concave mirrored breeder cup. As 
this machine conducts reflectance analysis instead of transmittance analysis, the 
position of the kernels in the mirror cup may have an effect on measured values. To 
account for variability in the sampling and analysis methods used, each sample was run 
in duplicate and samples were repositioned three times in the breeder cup, for a total of 
six measurements that were averaged into a final plot mean by the NIRS internal 
software. Basic statistics for the moisture values, to calculate the dry basis (db) values, 
are shown in Table 3.1.  
Table 4-1 Statistics for moisture values from NIR used for dry basis conversions 
Mean Std Dev Min Max 







 The DA 7250 NIR reports final values based on internal calibrations. An existing 
calibration based on commercial sorghum samples was augmented with the addition of 
samples representing 100 diverse sorghum lines to increase the range of the calibration 
to measure diverse lines found in the association panel (See Appendix J for calibration 
correlation values).  Calibrations with a high correlation coefficient were developed for 
the following traits: Protein (R2=93.06%), Acid Detergent Fiber (ADF) (R2=66.56%), Total 
Digestible Nutrients (TDN) (R2=67.58%), Net Energy Main (NEM) (R2=67.70%), Net Energy 
Lactation (NEL) (R2=65.78%), and Net Energy Gain (NEG) (R2=67.98%). Oil and Starch, two 
other major kernel proximates, did not have a high enough correlation between the NIR 
measured values and the wet lab calibration (R2=0.29 for both traits) to add useful 
information to this study.  
4.3.4 Genotypic Information 
Genotyping By Sequencing (GBS) was conducted by the P.J. Brown Lab at the 
University of Illinois using an Illumina HiSeq2000 at the W.M. Keck Center (Thurber et 
al., 2013). The Single Nucleotide Polymorphism (SNP) dataset used for GWAS analysis in 
this study were called from Illumina output through the GBS pipeline in TASSEL 
(Bradbury et al., 2007).  
4.3.5 Statistical Analysis 
 Plot means for kernel proximates were first analyzed for outlying values. Values 
which fell out of the range of the calibration were discarded.  The data was placed into 






to complete this examination. Remaining values were then analyzed using PROC GLM to 
test for significant genotypic variation between the lines.  The model used to analyze 
these variations in PROC GLM was:  
Kernel Trait = Genotype + Location + Block(Location) 
Where location and block(location) were treated as random variables. 
Broad-sense heritabilities (H) were calculated in PROC GLM through the 
identification of the variance components via ANOVA analysis. Using the error variance 






Plot mean values were then corrected for spatial variability within and between 
the locations grown.  Best Linear Unbiased Predictors (BLUPs) were calculated on the 
genotypes using all three locations (See Appendix K for SAS Code). The PROC MIXED 
function was used, for which the location, blocks nested within location, and genotypes 
were treated as random variables as described by Wolfinger et al., (1997) to retrieve 
information across blocks and genotypes (Wolfinger et al., 1997). Estimates were 
combined in SAS to calculate a single BLUP value for each line and trait combination 
using the model below: 
Line BLUP Value = Grand Mean + Line Estimate + ACRE Block Estimate + 






 Following the calculation of BLUP values, PROC TRANS was utilized to determine 
the necessity of BLUP transformation, using normality as the main criteria in this 
determination. Traits were transformed as indicated necessary. 
 GWAS was conducted using the phenotypic BLUPs and the genotypic data. 
Utilizing a mixed linear model (Yu et al., 2005), GWAS was conducted using the GAPIT R 
package (Lipka et al., 2012) (Appendix L for R code). SNPs that did not meet the 0.05 
minor allele threshold were removed from the data set. For GWAS computation, a HP 
Compaq 8200 Desktop Convertible Minitower was upgraded to 32 GB RAM (Hewlett-
Packard, Palo Alto, California). The RStudio R browser was used in all GWAS analyses to 
increase flexibility and allow for better visualization of the R program (RStudio 2012). 
Selection of significant SNPs relied on a False Discovery Rate (FDR)-controlled p-value 
threshold of 0.05 (Benjamini and Hochberg 1995).    
4.3.6 Candidate Gene Analysis  
 Significant SNPs were selected from the GWAS runs to examine potential 
candidate genes. Using a FDR-corrected p-value of 0.05, a 200 kb window was used to 
identify candidate genes near the SNPs identified as significant. This larger window for 
candidate gene analysis was utilized because of the larger LD blocks in this self-
pollinating specie. The Phytozome Comparison Platform allowed comparison of SNPs 
against the sorghum reference genome and was used in this analysis to identify 
candidate genes (Goodstein et al., 2012). The candidate genes were recorded for the 
significant SNPs and evaluated for confirmed annotations in other crop species. Genes 







Arabidopsis thaliana, and  Zea mays utilizing the Rice Genome Annotation Project 
funded by the NSF grant DBI-0321538/DBI-0834043 (rice.plantbiology.msu.edu).   
 
4.4 Results 
4.4.1 Genetic Variation and Trait Correlations 
Genetic variation was examined via PROC GLM in SAS to ensure satisfactory 
variation for all traits before conducting any genetic studies. Significant genetic variation 
(p-value = 0.05) was observed for all traits examined (ADF, NEG, NEL, NEM, Protein, TDN) 
(See Appendix M for ANOVA outputs). Significant variation was also observed for 
locations and for blocks nested within locations for all traits with a significance of 
p<0.001.  
Trait correlations were calculated between the traits using PROC CORR in SAS. 
Table 4.2 shows the output from the correlation analysis, including the number of 
genotypes, mean, standard deviation (std dev), minimum, and maximum values for each 
trait. There were between 2,483 and 2,549 data points for each trait. BLUPs were 
calculated based on all of the locations in the study, so a missing genotype in one 
location resulted in a missing BLUP value for that genotype. Lines that had proximate 
values outside of the range in the calibration of the NIRS were also removed, as 























N 2517 2485 2526 2541 2483 2549 
Mean 6.09 60.33 88.91 91.86 83.48 12.89 
Std Dev 1.22 1.94 0.32 2.55 1.96 1.62 
Min 3.20 54.02 88.03 84.30 77.72 7.80 






ADF NEG NEL NEM TDN Protein 
ADF - -0.55 *** -0.99*** -0.95 *** -0.96 *** 0.10 *** 
NEG -0.55 *** - 0.57 *** 0.58 *** 0.41 *** -0.32 *** 
NEL -0.99 *** 0.57 *** - 0.97 *** 0.97 *** -0.12 *** 
NEM -0.95 *** 0.58 *** 0.97 *** - 0.95 *** -0.23 *** 
TDN -0.96 *** 0.41 *** 0.97 *** 0.95 *** - -0.11 *** 
Protein 0.10 *** -0.32 *** -0.12 *** -0.23 *** -0.11 *** - 
 
       
 
 
     * = 0.05 Significance 
   
 
 
  ** = 0.01 Significance 
   
 
 
*** = 0.001 Significance 
   ADF = Acid Detergent Fiber; NEG = Net Energy Gain; NEL = Net Energy Lactation; NEM = Net Energy 
Maintenance; TDN = Total Digestible Nutrients 
 
Significant correlations were observed between all pairwise comparisons of 
traits, where kernel protein had the weakest correlations with feed quality traits and 
only exhibited a positive correlation with the ADF trait. Among the energy feeding traits 
(NEG, NEL, and NEM) correlations were high and significant at the p< 0.001 level.  In fact, 
all correlations were significant at the 0.001 level except; ADF and Protein (p-value < 









 SAS PROC GLM was used to calculate variance components and broad sense 
heritabilities. For the traits analyzed, the lowest heritability was 0.58 for protein, where 
the highest was 0.73 for NEM (Table 4.3). 







4.4.3 Significant SNPs 
 GWAS was conducted on all six traits independently and the results summarized 
(Table 4.4). Significant SNPs were identified for all traits except NEG. Traits ranged from 
one significant SNP (for TDN) to eight significant SNPs (for NEM). Following completion of 
GWAS and identification of significant SNPs using the FDR-controlling p-value for 
multiple testing, candidate genes were identified within a 200 Kb window of significant 
SNPs. With the exception of NEG, a range of 29-146 candidates were identified through 
the Phytozome genome analysis tool (Goodstein et al., 2012).  NEM returned the 
greatest number of candidates (146) and following in decreasing order were NEL (85), 
ADF (43), Protein (30), and TDN (29). Examination of gene annotations for these 
Trait H   
Protein 0.58   
ADF 0.67   
TDN 0.70   
NEL 0.69   
NEG 0.63   







candidates was conducted in other plant species (mainly Arabidopsis thaliana and Oryza 
sativa) (See Appendix N for complete significant SNP and candidate lists). In decreasing 
order of annotated candidates are: NEM (99), NEL (67), ADF (36), TDN (26), and Protein 
(22) (Table 4.4).  




ADF NEG NEL NEM Protein  TDN 
Significant SNPs 2 0 5 8 2 1 
Associated Genes 43 0 85 146 30 29 
Candidate Genes 
w/Annotations 
36 0 67 99 22 26 
 
The same significant SNP Chr4:59095899 was identified for the feeding traits 
ADF, NEL, NEM, and TDN (Table 4.5). With the exception of TDN, all of the feeding traits 
also shared the SNP Chr2:57617151. In addition to these significant SNPs, NEL had 
significant SNPs on chromosome 3 (63184638, 63184681). SNPs for NEM were also 
observed on chromosome 2 (57649504, 570604889, 57649529, 57649520, 57582078, 
and 57649524).     
A significant locus was identified on chromosome 9 for kernel protein 
composition and localized near the SNP pstl_9_56910830 (Table 4.5). Examining a 200 
kb window around this SNP revealed multiple genes with annotated functions. There 
were 27 total genes identified within this 200 kb window, of which 20 have annotated 
functions (Appendix N-4).  
Multiple candidate genes were found within the 200 Kb window surrounding 







Arabidopsis thaliana, or Oryza sativa.  Annotated candidates for each trait are located in 





































































































































pstI_2_57582078 NS ------- NS ----- NS ------- 0.007 0.005 NS ---- NS ----- 
pstI_2_57604889 NS ------- NS ----- NS ------- 0.004 0.005 NS ---- NS ----- 
pstI_2_57617151 0.02 -0.22 NS ----- 0.02 0.05 0.001 0.006 NS ---- NS ----- 
pstI_2_57649504 NS ------- NS ----- NS ------- 0.004 0.005 NS ---- NS ----- 
pstI_2_57649520 NS ------- NS ----- NS ------- 0.006 0.005 NS ---- NS ----- 
pstI_2_57649524 NS ------- NS ----- NS ------- 0.007 0.005 NS ---- NS ----- 
pstI_2_57649529 NS ------- NS ----- NS ------- 0.004 0.005 NS ---- NS ----- 
pstI_3_63184638 NS ------- NS ----- 0.02 -0.1 NS ------- NS ---- NS ----- 
pstI_3_63184681 NS ------- NS ----- 0.02 -0.1 NS ------- NS ---- NS ----- 
pstI_4_59095899 0.04 -0.24 NS ----- 0.02 0.06 0.015 0.006 NS ---- 0.05 0.39 
pstI_9_56910830 NS ------- NS ----- NS ------- NS ------- 0.03 0.4 NS ----- 










Manhattan plots from the GWAS analysis indicate a similar significance threshold 
near –log10(p) = 5.4. The peak on chromosome 2, as evident in the ADF, NEL, and NEM 
traits is quite pronounced and consistent across traits (Figures 4.1-4.3).  The single peak 
on chromosome 9 for kernel protein content exhibited a –log10(p) of 6.2 (Figure 4.5).  
Eight significant SNPs were identified in GWAS analysis of kernel feeding quality 
traits (ADF, NEG, NEL, NEM, and TDN). Examination of candidate genes within a 200 Kb 
window surrounding significant SNPs identified 333 genes. These genes encompass 
many plant functions and general cell maintenance, but two of these genes are of 
particular interest; phosphoenolpyruvate carboxylase (PEPC) and a K+ potassium 
transporter (Table 4.6). Both candidates have been shown to exhibit effects on specific 
kernel characteristics.   
 
Table 4-6 Candidate Genes of Interest for Kernel Feeding Quality 
 
Kernel protein content is an important component of grain quality for both food 
and feed use. The nitrogen utilized in kernel amino acid biosynthesis may come from 
newly accumulated N, or may be remobilized from senescing plant tissues, including the 
Gene Annotation 










pstI_3_63184638 3 0.25 0.022 - 




pstI_4_59095899 4 0.34 0.047 
+ 








leaves. Although a variety of pathways may be utilized for N remobilization, the 
glutamine synthetase/glutamate synthase (GS/GOGAT) pathway plays a key role in this 
process. Genetic analyses of the sorghum association panel identified a NADH-
Glutamate Synthase gene (Sb09g027910) in close proximity to the significant SNP 
located on chromosome 9 (Table 4.7).  
 
Table 4-7 Candidate Gene of Interest for Kernel Protein Composition 






pstI_9_56910830 9 0.08 0.034 + 
* FDR Corrected p-value (Benjamini and Hochberg 1995)  
 
 









Figure 4-2 Manhattan plot of SNPs associated with sorghum kernel net energy of 
lactation 
 










Figure 4-4 Manhattan plot of SNPs associated with sorghum kernel total digestible 
nutrients 
 








4.5.1 Genetic Variance and Trait Correlations 
The sorghum kernel composition and feed value traits examined in this study 
exhibited significant genetic variation. Trait correlations were examined, with significant 
correlations found between all of the traits (p-value < 0.01 minimum) (Table 4.2). 
Between feeding traits (ADF, NEG, NEL, NEM, and TDN), all pairwise correlations were 
high and significant (R2 > 0.70). The NEG, NEL, and NEM traits were significantly 
correlated, a rational result as these traits are energy measurements of the feeding 
value for specific animal functions (gain, maintenance + lactation, maintenance). NEG is 
a measure of the feedstuff value for animal weight gain above maintenance and NEM is 
the value of a feed source for animal metabolic maintenance, making it reasonable that 
a positive and strong correlation would be exhibited between the two at R2 = 0.81. NEL 
is the summation of both the energy required for animal maintenance and the 
additional energy required for lactation. This trait also demonstrated a significant and 
positive correlation to NEM (R2 = 0.96). ADF, the fibrous portion of the grain that is 
negatively associated with the feeding value of the grain, was negatively correlated with 
all of the other feeding traits (NEG R2 = -0.80, NEL R2 = -0.98, NEM R2 = -0.95, TDN R2 = -
0.96). Although selections for feeding quality in grain seek to improve NEG, NEL, and 
NEM, a simultaneous reduction in kernel ADF may improve grain quality even further. 
TDN is the portion of the kernel that provides digestible nutrients to livestock. An 
increase in nutrient amounts made available through feeding would increase the value 







Similar positive correlations were observed between TDN and energy grain 
measurements (NEG R2 = 0.70 NEL R2 = 0.97, and NEM R2 = 0.95). These correlations 
suggest that in our analysis, these five feeding values were very similar, and therefore 
were examined together. 
4.5.2   Heritabilities 
 The heritabilities for the sorghum kernel composition and feed quality traits 
ranged from 0.58-0.73, with the lowest value for kernel protein and highest value for 
NEM. Previously reported heritabilities for kernel composition traits in a recombinant 
inbred line (RIL) population of Sorghum bicolor indicated a narrow-sense heritability of 
0.68 for kernel protein, slightly higher than our broad-sense estimate of 0.58 (Rami et 
al., 1998). This may be explained by differences in protein measurement methods, but 
the most probable cause of the difference is the structure of the population. A RIL 
population is developed from a limited number of individuals and may have artificially 
inflated the estimates of heritability.  
4.5.3  Feeding Quality Candidate Genes 
 PEPC has been found in most plant tissues, including the seed, and more 
specifically in the embryo (González et al., 1998). There are two main functions of PEPC 
in plants, and both have an effect on kernel composition and grain feeding quality. In C4 
photosynthesis, PEPC serves an important role in converting PEP to oxaloacetate (OAA) 
for utilization in the TCA cycle, protecting tissues from the effects of photorespiration 
and maintaining productivity under hot, dry conditions. PEPC plays a vital role in yield 







carbon sequestration and starch accumulation under stressful conditions. As delayed 
senescence qualities in both corn and sorghum increase the starch accumulation in the 
plant, higher activities of the PEPC enzyme may ensure that the conversion of PEP to 
OAA is not the limiting step in the starch accumulation pathway. Alternatively, 
additional accumulation of starch in the leaves may negatively affect photosynthesis 
during grain fill as the sink strength may be poor.   
 In addition to its photosynthetic functions, PEPC serves a role in the anaplerotic 
pathway, stabilizing citric acid cycle intermediates in the mitochondrion (Huppe and 
Turpin 1994; Lebouteiller et al., 2007).  In this role, PEPC activity has been shown to 
fluctuate with the protein and oil biosynthesis activities in the seed (Sangwan et al., 
1992; Singal et al., 1995; King et al., 1998; Blonde and Plaxton 2003; Sebei et al., 2006; 
Lebouteiller et al., 2007; Murmu and Plaxton 2007). PEPC serves as the mediator of the 
partitioning of photosynthate in the grain, allocating carbon to either the leucoplast for 
fatty acid biosynthesis or to the mitochondria for amino acid biosynthesis as required 
(Brendan et al., 2011). In protein biosynthesis, PEPC is crucial in the assimilation of N as 
it provides the OAA necessary in amino acid biosynthesis (Rolletschek et al., 2004; 
Weber et al., 2005; Radchuk et al., 2007). Although N is commonly transported to the 
cell as amino acids such as glutamine and alanine, additional carbon is required as an 
energy source for these amino acids to be deaminated and converted to other amino 
acids or for integration into the TCA cycle within the seed (Brendan et al., 2011). In 
other cereal crops, PEPC activity in the seed coincide with the peak biosynthetic 







photosynthate (Sangwan et al., 1992; Singal et al., 1995; King et al., 1998; Blonde and 
Plaxton 2003; Rolletschek et al., 2004; Weber et al., 2005; Sebei et al., 2006; 
Lebouteiller et al., 2007; Murmu and Plaxton 2007; Radchuk et al., 2007).   
PEPC activity in other parts of the plant may also have an effect on kernel 
protein composition. During leaf senescence at physiological maturity, N is remobilized 
from the leaf photosynthetic machinery to the grain. During this process, enzymes 
involved with N and amino acid transport, catabolism, and synthesis including PEPC are 
utilized to facilitate this movement of N (Taylor et al., 2010). Transgenic alteration of 
model species such as Arabidopsis thaliana has also provided some insight into the role 
PEPC may play in kernel composition. Analysis of Arabidopsis transformed with a 
construct of a Sorghum PEPC cDNA suggests that the level and subsequent functioning 
of PEPC in the anaplerotic leaf pathway has a significant impact on seed protein levels 
(Lebouteiller et al., 2007). Seed protein was increased by 30% when expression of PEPC 
was increased (Lebouteiller et al., 2007).   
 Potassium (K+) transporters serve a number of functions within the plant and 
many of these have a significant effect on kernel composition and feeding quality. 
Multiple studies have shown that K+ plays a critical role for the transport of NO-3 
throughout the plant (Minotti et al., 1968; Blevins et al., 1978a; Blevins et al., 1978b; 
Pan et al., 1986). Increasing the efficiency of nitrate transport though the plant and into 
the seed may subsequently increase the overall protein content of the grain. Specific 
evidence showing the increase of amino acid transport into the seed and its relationship 







involved in starch, oil, or protein biosynthesis, K+ may influence the pathways that 
ensure the requisite source materials (NO3-) are transported to the biosynthesis sites of 
the kernel.  
 An enzymatic regulation function of K+ has also been shown. Asparaginase, a key 
enzyme in N metabolism, has been shown to be activated by K+ in maize, a closely 
related C4 cereal crop, thus warranting further examination of the role in sorghum 
(Sodek et al., 1980). An increase in the expression of K+ transporters is likely to increase 
the concentration of K+ in the seed. Since asparaginase is activated by K+, higher K+ 
concentrations may impact asparaginase activity, removing it as a limiting step in kernel 
N metabolism.    
4.5.4 Protein Kernel Composition Candidate Genes 
 In plants, two forms of glutamate synthase have been identified, differing in the 
form of electron donor utilized. The ferredoxin-dependent (fd) is one form of the 
enzyme, and the nicotinamide adenine dinucleotide-dependent (NADH) is the other 
(Forde and Lea 2007). The NADH accepting glutamate synthase enzyme is capable of 
utilizing NADPH as an electron donor. While the fd-glutamate synthase form is most 
commonly found in photosynthetic tissues, the NADH-Glutamate synthase enzyme is 
largely found in non-photosynthetic tissues (Bowsher et al., 2007). An NADH-glutamate 
synthase gene was identified as a candidate gene in our GWAS analysis for kernel 
protein composition. Glutamate synthase is responsible for the synthesis of glutamate 







and with 2-oxoglutarate subsequently forms two molecules of glutamate (Ireland and 
Lea 1999).  
Glutamate and glutamine serve as intermediary stores of N. Subsequent amino 
acid synthesis is more directly achieved using glutamate as a substrate for intermediary 
storage (Alburquerque et al., 2006; Amarante et al., 2006; Forde and Lea 2007). 
Glutamate is a major storage amino acid of N in vegetative tissues and a product of 
vegetative N uptake in the leaves (Kamachi et al., 1991). Despite its advantages as a N 
storage molecule, transport of glutamate through the plant is a complex process. N 
remobilized from the vegetative tissues of the leaf during senescence relies on other 
amino acids such as glutamine, asparagine, or arginine (Lea et al., 2007). During leaf 
remobilization, glutamate in the leaf tissue is converted to glutamine via Glutamine 
Synthetase to allow transportation to sinks within the plant, including the grain (Lea et 
al., 1990; Sechley et al., 1992; Ireland and Lea 1999; Hörtensteiner and Feller 2002; Lea 
et al., 2007). Glutamine and asparagine have been shown to be the largest pool of N 
entering the kernel (Pate et al., 1974; Atkins et al., 1975; Lewis 1975). Once glutamine 
reaches the grain, it must be converted back to glutamate so it has been theorized that 
NADH-Glutamate Synthase in the grain serves this function (Hayakawa et al., 1994).   
Studies examining the direct effect of NADH- Glutamate Synthase in the sorghum 
kernel on protein composition are not found in the literature though studies have been 
conducted to examine the effect of glutamate synthase in maize kernels (Sodek and da 
Silva 1977). Sodek and daSilva (1977) identified changes in activity of kernel glutamate 







kernel N accumulation. During peak N remobilization, increased activity of kernel 
glutamate synthase is indicative of its role as an intermediary step before utilization in 
other amino acids in the grain. Identification of the orthologous gene in sorghum 
suggests that NADH-glutamate synthase may play a role in utilization and conversion of 
N into amino acids during grain fill (Table 4.8). Identification of this gene in this GWAS 
analysis supports future research to examine the effect of alternative alleles to achieve 
a desired kernel protein profile. Increased NADH-Glutamate Synthase activity may affect 
more efficient utilization of N entering the kernel. 
Table 4-8 Orthologous Genes to NADH-Glutamate Synthase in other plant species 
Species Orthologous genes Putative Role 
Sorghum Sb09g027910 NADH-glutamate synthase 2 
Sorghum Sb02g041740 
Ferredoxin-dependent glutamate synthase, 
chloroplastic 
Sorghum Sb03g031310 NADH dependent Glutamate Synthase 
Rice LOC_Os01g48960 glutamate synthase, chloroplast precursor 
Rice LOC_Os05g48200 glutamate synthase, chloroplast precursor 
Rice LOC_Os07g46460 precursor 
Arabidopsis AT2G41220 glutamate synthase 2 
Arabidopsis AT5G04140 glutamate synthase 1 
Arabidopsis AT5G53460 NADH-dependent glutamate synthase 1 
Maize GRMZM2G036609 
Ferredoxin-dependent glutamate synthase, 
chloroplastic 
Maize GRMZM2G077054 Glutamate synthase 1 [NADH], chloroplastic 
Maize GRMZM2G085078 Glutamate synthase 1 [NADH], chloroplastic 










An association mapping study was conducted for kernel composition traits in a 
panel of 840 diverse sorghum lines from the sorghum conversion program. The GWAS 
analyses identified 8 significant SNPs on chromosomes 2, 3, and 4 for kernel feeding 
quality.  Among the genes identified within a 200 kb interval of significant SNPs were a 
PEPC and K+ Transporter. PEPC has been shown to control the allocation of carbon 
arriving to the kernel, thereby controlling the photosynthate availability for kernel 
amino acid biosynthesis. K+ is a preferred cation for attachment to NO3- during 
transport and may activate other key enzymes in allocation pathways, such that the K+ 
transporter identified in this study may exhibit an effect on the K+ availability for such 
roles. 
  NIRS analysis for kernel protein composition identified a significant SNP on 
chromosome 9 in close proximity to an NADH-glutamate synthase gene. Within the 
kernel, this enzyme regulates metabolism of N entering the kernel as glutamine. 
Glutamine entering the kernel is converted to glutamate, and this glutamate is 
subsequently converted to amino acids such as proline, alanine, and lysine for N storage 
within the kernel. As noted in Table 4-7, the NADH Glutamate Synthase 2 identified in 
this study of sorghum kernel protein is orthologous to NADH Glutamate Synthase 1, the 
gene identified in our analysis of leaf N remobilization. Higher glutamate synthase 
activity within the kernel ensures that conversion of glutamine to glutamate is not the 







NIRS on whole kernels was utilized in this study with success to determine kernel 
composition. The speed and affordability of this technology offer the opportunity for 
these systems to be utilized on a large scale in a breeding program, affording the 
breeder one more rather simple and potentially instructive phenotypic measurement in 
their breeding selection process.  
Future research should seek to identify lines with allelic variants for these genes 
as their unique enzymatic activity may be beneficial in a number of breeding programs. 
Analyses of mutant lines disrupted at these genes may also shed some insight into the 
physiological effect of allelic variations on final kernel composition. Utilizing genetic 
markers for these identified alleles presents breeders with an additional tool for 







CHAPTER 5. PROSPECTUS 
5.1 Maize Leaf Nitrogen Remobilization  
Genome Wide Association Mapping (GWAS) of ratios measuring the timing and 
location of leaf N remobilization identified multiple genes for ratios related to leaf N 
remobilization timing. Ratios were examined in two groups, VTR2 traits (VTR2, VTR2H, 
and VTR2L) and VTR4 traits (VTR4, VTR4H, and VTR4L). Analysis of VTR2 ratios identified 
genes related to both the signaling and regulation of senescence; including auxin family 
genes and SAG 24. Identification of multiple genes related to auxin suggests a signaling 
role in early stages of senescence; further research could validate this hypothesized 
function. 
Analysis of VTR4 traits identified genes with roles in signaling and regulation of 
senescence, as well as N remobilization processes. Genes in the auxin, mapk, and wrky 
families were all identified with potential roles in senescence signaling at the R4 stage of 
growth. Further research is warranted to confirm the function of identified candidates 
which have not previously been noted with a direct annotation to senescence signaling 
within these gene families. VTR4 analysis also identified genes related to the 
remobilization of N from vegetative tissues of the plant; NADH-Glutamate Synthase 1 







stored glutamate in the leaves to glutamine for transport to the sinks in the 
reproductive tissues. Once the glutamine reaches the sink tissues, NADH-GOGAT 
converts glutamine to glutamate, from which it can be metabolized in the formation of 
other amino acids. These two genes are of interest in further research, as allelic 
variation identified in this population may be allowed to be utilized in the selection of 
lines with improved NUE characteristics. Identification of a gene located in the 
vegetative source (GS1), and the reproductive sink (NADH-GOGAT) confirms the 
suggestion that remobilization of vegetative N is controlled by both the source and sink. 
 
5.2 Maize Kernel Composition 
Maize kernel composition was examined via GWAS for kernel density, oil, and 
protein. Analysis of kernel density identified a heavy metal transporter and a 
tranketolase. Annotated function of these genes has suggested a link between kernel 
density and the presence of cadmium, as it has been observed in other species that the 
presence of cadmium may activate both of these genes. Further analysis is required to 
elucidate the relationship between kernel density and cadmium. 
Kernel protein analysis also identified a transmembrane amino acid transporter, 
with a suggested function in movement of N into the reproductive sink, as well as an 
amino acid permease 1 moving N through the grain. In the population examined, this 
suggests that transportation of N is an important determinant of variation in kernel 
protein composition. GWAS for maize kernel oil also identified DGAT-2, a rate limiting 







composition, it has been largely suggested that selection for this rate limiting gene may 
be useful in efforts to increase kernel oil content.  
  
5.3 Sorghum Kernel Composition 
Sorghum kernel composition for protein and feeding quality was analyzed via 
GWAS. Feeding quality analysis identified PEPC and a K+ transporter. While serving a 
role in C4 photosynthesis, it has also been suggested that PEPC may also serve a 
function in the allocation of C to amino acid and lipid biosynthesis pathways. Additional 
research is necessary to examine this further, but if this hypothesis is proven, this 
secondary role of PEPC may have a large role in kernel composition. Allelic variants for 
PEPC may increase the C allocated for lipid and amino acid biosynthesis.  
Sorghum kernel analysis identified NADH-Glutamate Synthase, a gene 
orthologous to the one identified in analysis of leaf N remobilization. This further 
suggests the role of kernel sink in the movement of N from source to sink during 
reproductive growth in multiple cereal species, and suggests that genetic controls of 
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Appendix A  Maize Leaf N Remobilization SAS Code for BLUP Analysis 
Below is BLUP SAS code for the trait R2H, all other traits use similar code for BLUP 
calculations 
/****** For Combined analysis of 2012 and 2013 for R2HAVG*/ 
data AMES12; 
infile 'U:\Research Projects\Leaf N Movement\2013\Compiled Final 
File AMES 2012.csv' dsd firstobs=2 missover; 
input Plot Range Row GROUPID$ MaturityGroup ITEM$ ACCESSION$ 
DTA DTS VTL1 VTH1 VTL2 VTH2 VTL3 VTH3 VTL4 VTH4 R2L1 R2H1 R2L2 
R2H2 R2L3 R2H3 R2L4 R2H4 R4L1 R4H1 R4L2 R4H2 R4L3 R4H3 R4L4 R4H4 
treatn$ new; 
   Year = '1'; 
   VTLAVG= (mean(VTL1,VTL2,VTL3,VTL4));   
   VTHAVG= (mean(VTH1,VTH2,VTH3,VTH4)); 
   R2LAVG= (mean(R2L1,R2L2,R2L3,R2L4)); 
   R2HAVG= (mean(R2H1,R2H2,R2H3,R2H4)); 
   R4LAVG= (mean(R4L1,R4L2,R4L3,R4L4)); 
   R4HAVG= (mean(R4H1,R4H2,R4H3,R4H4)); 
   if GroupID= 'C1' then delete; 
   if GroupID= 'C2' then GroupID= '4000'; 
Data AMES12AVG; 
 set AMES12; 
 keep Plot Range Row GROUPID MaturityGroup ITEM ACCESSION DTA 
DTS VTLAVG VTHAVG R2LAVG R2HAVG R4LAVG R4HAVG treatn new year; 
proc sort; 
by maturitygroup plot; 
run; 
Data AMES12AVG1; 
 set AMES12; 
keep Range GROUPID MaturityGroup ITEM ACCESSION treatn new 
R2HAVG; 
 rename range =range12; 
 rename R2HAVG = R2HAVG12; 
proc sort; 
by GroupID ; 
run; 
data AMES13; 
infile 'U:\Research Projects\Leaf N Movement\2013\Compiled Final 
File AMES 2013.csv' dsd firstobs=2 missover; 
input Plot Range Row GROUPID$ MaturityGroup ITEM$ ACCESSION$ 
DTA DTS VTL1 VTH1 VTL2 VTH2 VTL3 VTH3 VTL4 VTH4 R2L1 R2H1 R2L2 
R2H2 R2L3 R2H3 R2L4 R2H4 R4L1 R4H1 R4L2 R4H2 R4L3 R4H3 R4L4 R4H4 
treatn$ new; 
   Year = '2';  
   VTLAVG= (mean(VTL1,VTL2,VTL3,VTL4));   
   VTHAVG= (mean(VTH1,VTH2,VTH3,VTH4)); 
   R2LAVG= (mean(R2L1,R2L2,R2L3,R2L4)); 
   R2HAVG= (mean(R2H1,R2H2,R2H3,R2H4)); 
   R4LAVG= (mean(R4L1,R4L2,R4L3,R4L4)); 








   if GroupID= 'C1' then delete; 
   if GroupID= 'C2' then GroupID= '4000'; 
Data AMES13AVG; 
 set AMES13; 
 keep Plot Range Row GROUPID MaturityGroup ITEM ACCESSION DTA 
DTS VTLAVG VTHAVG R2LAVG R2HAVG R4LAVG R4HAVG treatn new year; 
proc sort; 
by maturitygroup plot; 
run; 
Data AMES13AVG1; 
 set AMES13; 
keep Range GROUPID MaturityGroup ITEM ACCESSION treatn new 
R2HAVG; 
 rename range =range13; 
 rename R2HAVG= R2HAVG13; 
proc sort; 
by GroupID ; 
run; 
Data AmesComb;  
set AMES12AVG AMES13AVG; 
run;  
proc sort; 
by maturitygroup plot; 
run; 
Data AmesComb1;  
merge AMES12AVG1 AMES13AVG1; 
by GroupID; 
keep range12 range13 MaturityGroup GroupID ITEM ACCESSION treatn 






/* To run an ANOVA on R2HAVG*/ 
proc glm data=AMESComb; 
class GroupID year range; 
model R2HAVG=groupid year range(year); 
random year range(year); 
run;  
 
/*To calculate BLUP*/ 
proc mixed data=AMESComb; 
by MaturityGroup; 
class year range GroupID treatn; 
model R2HAVG = treatn /solution; 
random year range(year) GroupID*New/ solution;  
lsmeans treatn; 




proc sort data = sr; 









 /* Attempt to combine the Estimates for the different traits with the 
original data to compute BLUPs*/ 
Data LS; 
 set lsm; 
 rename Estimate=R2HuMean; 
proc sort Data=LS; 
 By MaturityGroup treatn; 
 run; 
proc sort data=AMESComb1; 
 By MaturityGroup treatn; 
 run; 
Data R2HREP; 
 merge LS AMESComb1; 
 By MaturityGroup treatn; 
keep range12 range13 treatn GROUPID MaturityGroup ITEM ACCESSION 
R2HuMean R2HAVG12 R2HAVG13;   
Data R2HRan; 
 set sr; 
 if Effect= 'Year' then delete; 
 if GroupID= " " then R2HRan=Estimate; 
 else delete; 
Data R2HEST; 
 set sr; 
 if GroupID= '' then delete; 
 keep MaturityGroup GroupID Estimate; 
 rename Estimate=R2HEst; 
run;  
Data R2HRan12; 
 set R2HRan; 
 if Year=1 then R2HRan12=R2HRan; 
 else delete; 
 keep MaturityGroup Effect Range R2HRan12; 
 rename Range=Range12; 
Proc sort data=R2HRan12; 
 by MaturityGroup Range12; 
 run; 
Data R2HRan13; 
 set R2HRan; 
 if year=2 then R2HRan13=R2HRan; 
 else delete; 
 keep MaturityGroup Effect Range R2HRan13; 
 rename Range=Range13; 
Proc Sort data=R2HRan13; 
 by MaturityGroup Range13; 
 run; 
proc sort data=AmesComb1; 
 by MaturityGroup Range12; 
 run; 
data R2HRan12Comb; 
 merge AmesComb1 R2HRan12; 
 by MaturityGroup Range12; 
keep range12 range13 treatn GroupID MaturityGroup Item Accession 










proc sort data=AmesComb1; 
 by MaturityGroup Range13; 
 run; 
data R2HRan13Comb; 
 merge AmesComb1 R2HRan13; 
 by MaturityGroup Range13; 
keep range12 range13 treatn GROUPID MaturityGroup ITEM ACCESSION 
R2HRan13 R2HAVG12 R2HAVG13;  
proc sort data=R2HRan12Comb; 
 by MaturityGroup GroupID; 
 run; 
proc sort data=R2HRan13Comb; 
 by MaturityGroup GroupID; 
 run; 
data R2HRanComb; 
 merge R2HRan12Comb R2HRan13Comb; 
 by MaturityGroup GroupID; 
keep range12 range13 treatn GroupID MaturityGroup Item Accession 
R2HRan12 R2HRan13 R2HAVG12 R2HAVG13; 
data combranrep; 
 merge R2HRanComb R2HRep; 
 by MaturityGroup; 
 run; 
proc sort data=combranrep; 
 by MaturityGroup GroupID; 
 run; 
proc sort data=R2HEst; 
 by MaturityGroup GroupID; 
 run; 
Data CombinedR2H; 
 merge CombRanRep R2HEST; 
 by MaturityGroup GroupID; 
 R2HBLUP= (R2HEST + R2HRan12 + R2HRan13 + R2HuMean); 
 if R2HAVG12='.' then R2HBLUP='.'; 
 if R2HAVG13='.' then R2HBLUP='.'; 
keep Range12 Range13 treatn GROUPID MaturityGroup ITEM ACCESSION 
R2HAVG12 R2HAVG13 R2HEST R2HRan12 R2HRan13 R2HuMean R2HBLUP; 
 run;  
 
proc univariate data=AmesComb; 
qqplot R2HAVG ;run; 
 
proc univariate data=combinedR2H; 
qqplot R2HBLUP ;run; 
proc print data=CombinedR2H;run; 
 
proc export DATA= CombinedR2H outfile="U:\Research Projects\Leaf N 
Movement\2013\BLUPs Calculated\Proc Mixed TO KEEP\CombinedR2H.csv" 








Appendix B  Maize Leaf N Remobilization R Code for GWAS Analysis 




















setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL") 





",sep= "", head = FALSE) 
head(myG)[,1:20] 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT RUNS/") 
myKI <- read.table("Ames_50%SNPs_Comprehensive_K_JanuaryGBS_Names.txt", sep = 












sep = "", head = TRUE) 
head(myCV) 
 
#moving to dir to dump GAPIT results 
#setwd("/results") 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr1") 
 
#Step 2: Run GAPIT for Chromosome 1 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1500, 
  group.to = 1717, 
  group.by=10, 
  #group.by = c(seq(1,1817,by=200),1817), 
  G=myG, 








",sep= "", head = FALSE) 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr2") 
 
#Step 2: Run GAPIT for Chromosome 2 
myGAPIT <- GAPIT( 
  Y=myY, 








  CV=myCV, 
  group.from = 1560, 
  group.to = 1560, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr3") 
 
#Step 2: Run GAPIT for Chromosome 3 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1560, 
  group.to = 1560, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr4") 
 
#Step 2: Run GAPIT for Chromosome 4 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 








  group.from = 1560, 
  group.to = 1560, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr5") 
 
#Step 2: Run GAPIT for Chromosome 5 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1560, 
  group.to = 1560, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr6") 
 
#Step 2: Run GAPIT for Chromosome 6 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 








  group.to = 1560, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr7") 
 
#Step 2: Run GAPIT for Chromosome 7 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1560, 
  group.to = 1560, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr8") 
 
#Step 2: Run GAPIT for Chromosome 8 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1560, 








  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr9") 
 
#Step 2: Run GAPIT for Chromosome 9 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1560, 
  group.to = 1560, 
  G=myG, 






xt",sep= "", head = FALSE) 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr10") 
 
#Step 2: Run GAPIT for Chromosome 10 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1560, 
  group.to = 1560, 














To Combine all the runs into 1 analysis 
#Step 0: In your working directory, create three folders, and name them "Results_1", 
#"Results_2", and "Results_Combined". Put all of the GAPIT output files from one set up 
SNPs in 
# "Results_1", and all of the GAPIT output files from the second set of SNPs in 
"Results_2". 






setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL") 





#Step 1: Set data directory and import files 
########################################################################
############### 
mydataPath.Results.1="U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr1/" 
mydataPath.Results.2="U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr2/" 
mydataPath.Results.3="U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr3/" 









mydataPath.Results.5="U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr5/" 
mydataPath.Results.6="U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr6/" 
mydataPath.Results.7="U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr7/" 
mydataPath.Results.8="U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr8/" 
mydataPath.Results.9="U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr9/" 
mydataPath.Results.10="U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Chr10/" 
 
name <- c("R2HL") 
#Step 2: Set the result directory to where the combined data will go 
########################################################################
############### 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT 
RUNS/Combined_Traits/R2HL/Results_Combined") 
for(i in 1:length(name)){ 
#Read in the GWAS and Allelic effect estimates 
GWAS.Results.1 <- 
read.csv(paste(mydataPath.Results.1,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.2 <- 
read.csv(paste(mydataPath.Results.2,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.3 <- 
read.csv(paste(mydataPath.Results.3,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.4 <- 
read.csv(paste(mydataPath.Results.4,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.5 <- 
read.csv(paste(mydataPath.Results.5,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 










head = TRUE) 
GWAS.Results.7 <- 
read.csv(paste(mydataPath.Results.7,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.8 <- 
read.csv(paste(mydataPath.Results.8,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.9 <- 
read.csv(paste(mydataPath.Results.9,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.10 <- 
read.csv(paste(mydataPath.Results.10,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 




ep=""), head = TRUE) 
Effect.Estimates.2 <- 
read.csv(paste(mydataPath.Results.2,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.3 <- 
read.csv(paste(mydataPath.Results.3,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.4 <- 
read.csv(paste(mydataPath.Results.4,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.5 <- 
read.csv(paste(mydataPath.Results.5,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.6 <- 
read.csv(paste(mydataPath.Results.6,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.7 <- 
read.csv(paste(mydataPath.Results.7,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s










ep=""), head = TRUE) 
Effect.Estimates.9 <- 
read.csv(paste(mydataPath.Results.9,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.10 <- 
read.csv(paste(mydataPath.Results.10,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",
sep=""), head = TRUE) 
 
#Append the the GWAS results and alleleic effect estimates onto one folder 
GWAS.Results <- rbind(GWAS.Results.1, GWAS.Results.2, GWAS.Results.3, 
GWAS.Results.4, GWAS.Results.5, GWAS.Results.6, GWAS.Results.7, GWAS.Results.8, 
GWAS.Results.9, GWAS.Results.10) 
Effect.Estimates <- rbind(Effect.Estimates.1, Effect.Estimates.2, Effect.Estimates.3, 
Effect.Estimates.4, Effect.Estimates.5, Effect.Estimates.6, Effect.Estimates.7, 
Effect.Estimates.8, Effect.Estimates.9, Effect.Estimates.10) 
#Remove the last column, which is the FDR adjusted P-values 
GWAS.Results <- GWAS.Results[,-ncol(GWAS.Results)] 
#Run the B-H procedure on the combined data, and append the FDR-adjusted P-values 
to the GWAS.Results 
Conduct.FDR <- GAPIT.Perform.BH.FDR.Multiple.Correction.Procedure(PWI = 
GWAS.Results, 
FDR.Rate = 0.05, FDR.Procedure = "BH") 
GWAS.Results.with.FDR <- Conduct.FDR$PWIP 
#Make QQ-plots 
GAPIT.QQ(P.values = Conduct.FDR$PWIP[,4], name.of.trait = name[i],DPP=50000) 
#Make new Manhattan plots with the combined results 
GAPIT.Manhattan(GI.MP = GWAS.Results.with.FDR[,2:4], name.of.trait = name[i], 
DPP=50000, plot.type = "Genomewise",cutOff=0.00) 
GAPIT.Manhattan(GI.MP = GWAS.Results.with.FDR[,2:4], name.of.trait = name[i], 
DPP=50000, plot.type = "Chromosomewise",cutOff=0.00) 
#Export the combined GWAS results 
write.table(GWAS.Results.with.FDR, paste("GAPIT.", name[i], ".GWAS.Results.csv", sep = 
""), 
quote = FALSE, sep = ",", row.names = FALSE,col.names = TRUE) 








write.table(Effect.Estimates, paste("GAPIT.", name[i], ".Allelic_Effect_Estimates.csv", 
sep = ""), 



































Appendix C  Maize Leaf N Remobilization ANOVA Outputs 
C-1 Trait VTL ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 2079 525845.5 252.9319 5.17 <.0001 
Error 2089 102239 48.9416 
  Corrected Total 4168 628084.4 
   
      R-Square Coeff Var Root MSE VTL Mean 
 0.837221 14.09448 6.995826  49.63523 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 2032 516074 253.9734 5.19 <.0001 
Year 1 5832.663 5832.663 119.18 <.0001 
Range(Year) 46 3938.855 85.6273 1.75 0.0015 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 2032 506843.1 249.4307 5.1 <.0001 
Year 1 5767.279 5767.279 117.84 <.0001 
















C-2  Trait VTH ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 2079 410576.07 197.49 4.43 <.0001 
Error 2089 93055.99 44.55 
  Corrected Total 4168 503632.1 
   
      R-Square Coeff Var Root MSE VTH Mean 
 0.815230 15.21279 6.674257 43.87268 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 2032 395923.9064 194.8444 4.37 <.0001 
Year 1 9116.5149 9116.5149 204.66 <.0001 
Range(Year) 46 5535.6533 120.3403 2.70 <.0001 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 2032 388366.0248 191.1250 4.29 <.0001 
Year 1 8998.8712 8998.8712 202.01 <.0001 











C-3 Trait R2L ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 2013 676110.2509 335.8720 4.09 <.0001 
Error 1959 161046.7435 82.2086 
  Corrected Total 3972 837156.9944 
   
      R-Square Coeff Var Root MSE R2L Mean 
 0.807627 22.99971 9.066899 39.42179 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 1966 663011.1127 337.2386 4.10 <.0001 
Year 1 5844.7443 5844.7443 71.10 <.0001 
Range(Year) 46 7254.3940 157.7042 1.92 0.0002 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 1966 647766.2730 329.4844 4.01 <.0001 
Year 1 5957.0427 5957.0427 72.46 <.0001 











C-4  Trait R2H ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 2013 626111.4 311.034 4.25 <.0001 
Error 1960 143310 73.1174 
  Corrected Total 3973 769421.4 
  
 
      R-Square Coeff Var Root MSE VTL Mean 
 0.813743 21.60525 8.55087 39.57774 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 1966 603906 307.175 4.2 <.0001 
Year 1 15503.76 15503.76 212.04 <.0001 
Range(Year) 46 6701.669 145.6884 1.99 <.0001 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 1966 590036 300.1201 4.1 <.0001 
Year 1 15539.15 15539.15 212.52 <.0001 









C-5  Trait R4L ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 1843 685387.2 371.8867 3.17 <.0001 
Error 1636 191986.1 117.3509 
  Corrected Total 3479 877373.3 
  
 
      R-Square Coeff Var Root MSE VTL Mean 
 0.781181 46.23069 10.83286 23.43219 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 1796 566580.4 315.4679 2.69 <.0001 
Year 1 109394.5 109394.5 932.2 <.0001 
Range(Year) 46 9412.246 204.614 1.74 0.0016 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 1796 552829.7 307.8116 2.62 <.0001 
Year 1 110036.2 110036.2 937.67 <.0001 








C-6  Trait R4H ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 1843 619285.5 336.0203 3.33 <.0001 
Error 1636 165121.2 100.9298 
  Corrected Total 3479 784406.7 
  
 
      R-Square Coeff Var Root MSE VTL Mean 
 0.789495 39.47333 10.04638 25.45107 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 1796 466980.9 260.0116 2.58 <.0001 
Year 1 147077.1 147077.1 1457.22 <.0001 
Range(Year) 46 5227.472 113.6407 1.13 0.2619 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 1796 446505.7 248.6112 2.46 <.0001 
Year 1 147278 147278 1459.21 <.0001 
Range(Year) 46 5227.472 113.6407 1.13 0.2619 










Appendix D  Maize Leaf N Remobilization Candidate Genes 
D-1 Trait R2HL Candidate Genes 












Genes within 10Kb 
of SNP Annotation 
S7_152063911 7 152063911 1.39E-07 0.36 1717 0.14 0.16 0.038 GRMZM2G134545 (TMO6): TARGET OF 
MONOPTEROS 6  
S8_132877319 8 132877319 1.97E-07 0.18 1717 0.14 0.16 0.038 GRMZM2G056014 (ATECA4,ECA4): 
endomembrane-type CA-
ATPase 4  
S8_132877319 8 132877319 1.97E-07 0.18 1717 0.14 0.16 0.038 GRMZM2G355742 splicing factor PWI domain-
containing protein  
S8_132877343 8 132877343 4.09E-07 0.17 1717 0.14 0.16 0.044 GRMZM2G056014 (ATECA4,ECA4): 
endomembrane-type CA-
ATPase 4  
S8_132877343 8 132877343 4.09E-07 0.17 1717 0.14 0.16 0.044 GRMZM2G355742 splicing factor PWI domain-
containing protein  
S8_132879659 8 132879659 4.51E-07 0.31 1717 0.14 0.16 0.044 GRMZM2G056014 (ATECA4,ECA4): 
endomembrane-type CA-
ATPase 4  
S8_132879659 8 132879659 4.51E-07 0.31 1717 0.14 0.16 0.044 GRMZM2G355742 splicing factor PWI domain-









D-2 Trait VTR2 Candidate Genes 












Genes within 10 Kb 
of SNP Annotation 
S2_212641128 2 212641128 3.33E-07 0.43 1675 0.16 0.17 0.032 GRMZM2G064630 (AtMYB124,FLP,MYB124): 
Duplicated homeodomain-
like superfamily protein  
S2_212641128 2 212641128 3.33E-07 0.43 1675 0.16 0.17 0.032 GRMZM2G064640 Ribosomal protein S4  
S2_212641128 2 212641128 3.33E-07 0.43 1675 0.16 0.17 0.032 GRMZM2G064941 (ATPIN4,PIN4): Auxin efflux 
carrier family protein  
S4_178040254 4 178040254 1.15E-06 0.19 1675 0.16 0.17 0.049 GRMZM2G158811 (CPR5,HYS1): CPR5 protein, 
putative  




S4_228666825 4 228666825 5.40E-07 0.07 1675 0.16 0.17 0.036 GRMZM2G121790 (ATSK21,BIN2,DWF12,SK21,
UCU1): Protein kinase 
superfamily protein  
S4_23529175 4 23529175 8.66E-07 0.17 1675 0.16 0.17 0.048 GRMZM2G378580 (ARF1-BP,ARF2,HSS,ORE14): 
auxin response factor 2  
S4_23529213 4 23529213 5.54E-07 0.17 1675 0.16 0.17 0.036 GRMZM2G378580 (ARF1-BP,ARF2,HSS,ORE14): 
auxin response factor 2  
S4_23529228 4 23529228 1.15E-06 0.17 1675 0.16 0.17 0.049 GRMZM2G378580 (ARF1-BP,ARF2,HSS,ORE14): 
auxin response factor 2  
S7_140712419 7 140712419 2.63E-07 0.45 1675 0.16 0.17 0.032 GRMZM2G043636 Molecular chaperone 
Hsp40/DnaJ family protein  
S7_140712419 7 140712419 2.63E-07 0.45 1675 0.16 0.17 0.032 GRMZM2G043600 Basic-leucine zipper (bZIP) 
transcription factor family 
protein  
S7_140712419 7 140712419 2.63E-07 0.45 1675 0.16 0.17 0.032 GRMZM2G345081 (ZPR2): protein binding  
S8_136134655 8 136134655 1.99E-07 0.37 1675 0.16 0.17 0.032 GRMZM2G100146 (ATHD2A,HD2A,HDA3,HDT1)




















Genes within 10 Kb 
of SNP Annotation 
S8_136134655 8 136134655 1.99E-07 0.37 1675 0.16 0.17 0.032 GRMZM2G100229 (IQD31): IQ-domain 31  
S8_136134655 8 136134655 1.99E-07 0.37 1675 0.16 0.17 0.032 GRMZM2G463983 S-adenosyl-L-methionine-
dependent 
methyltransferases 









D-3 Trait VTR2H Candidate Genes 











Genes within 10 Kb 
of SNP Annotation 
S1_51400080 1 51400080 4.54E-06 0.07 1675 0.19 0.20 0.037 GRMZM2G070849 (AtMYB112,MYB112): myb 
domain protein 112  
S1_248676101 1 248676101 3.39E-06 0.09 1675 0.19 0.20 0.033 GRMZM2G335814 GRAS family transcription 
factor  
S1_248676119 1 248676119 3.39E-06 0.09 1675 0.19 0.20 0.033 GRMZM2G335814 GRAS family transcription 
factor  
S2_21908969 2 21908969 2.19E-06 0.16 1675 0.19 0.20 0.030 GRMZM2G132055 GDSL-like 
Lipase/Acylhydrolase 
superfamily protein  
S2_21908969 2 21908969 2.19E-06 0.16 1675 0.19 0.20 0.030 GRMZM2G131982 (STH2): salt tolerance 
homolog2  
S2_60879882 2 60879882 2.36E-06 0.31 1675 0.19 0.20 0.030 GRMZM2G068590 zinc ion binding 
S2_173776029 2 173776029 7.71E-06 0.09 1675 0.19 0.20 0.049 GRMZM2G033694 (ASHH3,SDG7): histone-
lysine N-methyltransferase 
ASHH3  
S2_212641128 2 212641128 1.89E-06 0.43 1675 0.19 0.20 0.030 GRMZM2G064630 (AtMYB124,FLP,MYB124): 
Duplicated homeodomain-
like superfamily protein  
S2_212641128 2 212641128 1.89E-06 0.43 1675 0.19 0.20 0.030 GRMZM2G064941 (ATPIN4,PIN4): Auxin efflux 
carrier family protein  
S2_212641128 2 212641128 1.89E-06 0.43 1675 0.19 0.20 0.030 GRMZM2G064640 Ribosomal protein S4  
S2_212641128 2 212641128 1.89E-06 0.43 1675 0.19 0.20 0.030 GRMZM2G064938 helix-loop-helix DNA-
binding domain containing 
protein, expressed  
S3_227937830 3 227937830 2.13E-06 0.07 1675 0.19 0.20 0.030 GRMZM2G022841 (ATGSL07,atgsl7,gsl07): 
glucan synthase-like 7  



















Genes within 10 Kb 
of SNP Annotation 
S4_23529175 4 23529175 1.81E-06 0.17 1675 0.19 0.20 0.030 GRMZM2G378580 (ARF1-
BP,ARF2,HSS,ORE14): auxin 
response factor 2  
S4_23529213 4 23529213 1.27E-06 0.17 1675 0.19 0.20 0.030 GRMZM2G378580 (ARF1-
BP,ARF2,HSS,ORE14): auxin 
response factor 2  
S4_23529228 4 23529228 2.22E-06 0.17 1675 0.19 0.20 0.030 GRMZM2G378580 (ARF1-
BP,ARF2,HSS,ORE14): auxin 
response factor 2  
S4_228661301 4 228661301 4.32E-06 0.09 1675 0.19 0.20 0.037 GRMZM2G121790 (ATSK21,BIN2,DWF12,SK21
,UCU1): Protein kinase 
superfamily protein  
S4_228666825 4 228666825 8.88E-08 0.07 1675 0.19 0.20 0.011 GRMZM2G121790 (ATSK21,BIN2,DWF12,SK21
,UCU1): Protein kinase 
superfamily protein  
S5_19441400 5 19441400 2.45E-06 0.30 1675 0.19 0.20 0.030 GRMZM2G087233 (RPL10C,SAG24): 
senescence associated 
gene 24  
S5_19441400 5 19441400 2.45E-06 0.30 1675 0.19 0.20 0.030 GRMZM2G386714 (ATKRS-1): lysyl-tRNA 
synthetase 1  
S5_19441400 5 19441400 2.45E-06 0.30 1675 0.19 0.20 0.030 GRMZM2G088005 DNA binding 
S5_19441400 5 19441400 2.45E-06 0.30 1675 0.19 0.20 0.030 GRMZM2G087165 (RPS19): ribosomal protein 
S19  
S5_19441434 5 19441434 2.27E-06 0.27 1675 0.19 0.20 0.030 GRMZM2G087233 (RPL10C,SAG24): 
senescence associated 
gene 24  
S5_19441434 5 19441434 2.27E-06 0.27 1675 0.19 0.20 0.030 GRMZM2G386714 (ATKRS-1): lysyl-tRNA 
synthetase 1  
S5_19441434 5 19441434 2.27E-06 0.27 1675 0.19 0.20 0.030 GRMZM2G088005 DNA binding  



















Genes within 10 Kb 
of SNP Annotation 
S5_19441434 5 19441434 2.27E-06 0.27 1675 0.19 0.20 0.030 GRMZM2G087165 (RPS19): ribosomal protein 
S19  
S5_19441435 5 19441435 2.15E-06 0.27 1675 0.19 0.20 0.030 GRMZM2G087233 (RPL10C,SAG24): 
senescence associated 
gene 24  
S5_19441435 5 19441435 2.15E-06 0.27 1675 0.19 0.20 0.030 GRMZM2G386714 (ATKRS-1): lysyl-tRNA 
synthetase 1  
S5_19441435 5 19441435 2.15E-06 0.27 1675 0.19 0.20 0.030 GRMZM2G088005 DNA binding  
S5_19441435 5 19441435 2.15E-06 0.27 1675 0.19 0.20 0.030 GRMZM2G087165 (RPS19): ribosomal protein 
S19  
S5_19441469 5 19441469 4.50E-07 0.25 1675 0.19 0.20 0.017 GRMZM2G087233 (RPL10C,SAG24): 
senescence associated 
gene 24  
S5_19441469 5 19441469 4.50E-07 0.25 1675 0.19 0.20 0.017 GRMZM2G386714 (ATKRS-1): lysyl-tRNA 
synthetase 1  
S5_19441469 5 19441469 4.50E-07 0.25 1675 0.19 0.20 0.017 GRMZM2G088005 DNA binding  
S5_19441469 5 19441469 4.50E-07 0.25 1675 0.19 0.20 0.017 GRMZM2G087165 (RPS19): ribosomal protein 
S19  
S5_19448689 5 19448689 2.59E-06 0.31 1675 0.19 0.20 0.030 GRMZM2G087233 (RPL10C,SAG24): 
senescence associated 
gene 24  
S5_19448689 5 19448689 2.59E-06 0.31 1675 0.19 0.20 0.030 GRMZM2G086904 (NRPB6B,NRPE6B): RNA 
polymerase Rpb6  
S5_19448689 5 19448689 2.59E-06 0.31 1675 0.19 0.20 0.030 GRMZM2G386714 (ATKRS-1): lysyl-tRNA 
synthetase 1  
S5_19448689 5 19448689 2.59E-06 0.31 1675 0.19 0.20 0.030 GRMZM2G087165 (RPS19): ribosomal protein 
S19  
S6_122102021 6 122102021 7.85E-06 0.15 1675 0.19 0.20 0.050 GRMZM2G342588 Tesmin/TSO1-like CXC 
domain-containing protein  



















Genes within 10 Kb 
of SNP Annotation 
S6_129661157 6 129661157 5.85E-06 0.31 1675 0.19 0.20 0.042 GRMZM2G141776 Actin-like ATPase 
superfamily protein  
S6_129661157 6 129661157 5.85E-06 0.31 1675 0.19 0.20 0.042 GRMZM2G141810 (TAR2): tryptophan 
aminotransferase related 2  
S6_156395467 6 156395467 6.12E-06 0.10 1675 0.19 0.20 0.042 GRMZM2G020016 (ATERF12,ERF12): ERF 
domain protein 12  
S6_156395467 6 156395467 6.12E-06 0.10 1675 0.19 0.20 0.042 GRMZM2G020150 (ATERF-
4,ATERF4,ERF4,RAP2.5): 
ethylene responsive 
element binding factor 4  
S6_162153293 6 162153293 4.22E-06 0.19 1675 0.19 0.20 0.037 GRMZM2G476477 (MAPKKK17): mitogen-
activated protein kinase 
kinase kinase 17  
S6_162153293 6 162153293 4.22E-06 0.19 1675 0.19 0.20 0.037 AC204050.4_FG006 (MAPKKK16): mitogen-
activated protein kinase 
kinase kinase 16  
S7_138372020 7 138372020 6.60E-06 0.48 1675 0.19 0.20 0.044 GRMZM2G108133 (BGLU11): beta glucosidase 
11 
S7_138372020 7 138372020 6.60E-06 0.48 1675 0.19 0.20 0.044 AC186800.3_FG005 retrotransposon protein, 
putative, unclassified, 
expressed  
S7_138377302 7 138377302 1.84E-06 0.50 1675 0.19 0.20 0.030 GRMZM2G108133 (BGLU11): beta glucosidase 
11 
S7_138377302 7 138377302 1.84E-06 0.50 1675 0.19 0.20 0.030 AC186800.3_FG005  retrotransposon protein, 
putative, unclassified, 
expressed  
S7_158754466 7 158754466 6.07E-06 0.26 1675 0.19 0.20 0.042 GRMZM2G333980 (ATPGIP1,PGIP1): 
polygalacturonase 
inhibiting protein 1  
S7_158754466 7 158754466 6.07E-06 0.26 1675 0.19 0.20 0.042 GRMZM2G028086 (CPK7): calmodulin-domain 



















Genes within 10 Kb 
of SNP Annotation 
S8_26103587 8 26103587 3.95E-06 0.12 1675 0.19 0.20 0.036 GRMZM2G154221 plant-specific domain 
TIGR01589 family protein, 
putative, expressed  
S8_123473596 8 123473596 6.03E-06 0.13 1675 0.19 0.20 0.042 GRMZM2G073044 (LBD41): LOB domain-
containing protein 41  
S8_131904755 8 131904755 2.50E-06 0.46 1675 0.19 0.20 0.030 AC214648.3_FG001 Tudor/PWWP/MBT 
superfamily protein  
S8_131904775 8 131904775 1.32E-06 0.46 1675 0.19 0.20 0.030 AC214648.3_FG001 Tudor/PWWP/MBT 
superfamily protein  
S8_131904780 8 131904780 1.64E-06 0.46 1675 0.19 0.20 0.030 AC214648.3_FG001 Tudor/PWWP/MBT 
superfamily protein  
S8_131904787 8 131904787 1.64E-06 0.46 1675 0.19 0.20 0.030 AC214648.3_FG001 Tudor/PWWP/MBT 
superfamily protein  
S8_131904985 8 131904985 4.03E-06 0.47 1675 0.19 0.20 0.036 AC214648.3_FG001 Tudor/PWWP/MBT 
superfamily protein  
S8_131905016 8 131905016 5.47E-06 0.48 1675 0.19 0.20 0.042 AC214648.3_FG001 Tudor/PWWP/MBT 
superfamily protein  
S8_131905032 8 131905032 2.46E-06 0.48 1675 0.19 0.20 0.030 AC214648.3_FG001 Tudor/PWWP/MBT 
superfamily protein  
S8_135059199 8 135059199 6.52E-06 0.32 1675 0.19 0.20 0.044 GRMZM2G098153 (AteIF3f,EIF2,eIF3F): 
eukaryotic translation 
initiation factor 2  
S8_135059199 8 135059199 6.52E-06 0.32 1675 0.19 0.20 0.044 GRMZM2G098031 (MMT): methionine S-
methyltransferase  
S8_135059199 8 135059199 6.52E-06 0.32 1675 0.19 0.20 0.044 GRMZM2G098039 (MMT): methionine S-
methyltransferase  
S8_136134655 8 136134655 1.06E-06 0.37 1675 0.19 0.20 0.030 GRMZM2G100229 (IQD31): IQ-domain 31  
           
           



















Genes within 10 Kb 
of SNP Annotation 
S8_136134655 8 136134655 1.06E-06 0.37 1675 0.19 0.20 0.030 GRMZM2G463983 S-adenosyl-L-methionine-
dependent 
methyltransferases 
superfamily protein  
S8_136134655 8 136134655 1.06E-06 0.37 1675 0.19 0.20 0.030 GRMZM2G100146 (ATHD2A,HD2A,HDA3,HDT
1): histone deacetylase 3  
S9_127304468 9 127304468 3.60E-07 0.25 1675 0.19 0.20 0.017 GRMZM2G148969 (CYP709B2): cytochrome 
P450, family 709, subfamily 
B, polypeptide 2  
S9_127304468 9 127304468 3.60E-07 0.25 1675 0.19 0.20 0.017 GRMZM2G020761 (CYP709B2): cytochrome 
P450, family 709, subfamily 
B, polypeptide 2  
S9_127304471 9 127304471 3.60E-07 0.25 1675 0.19 0.20 0.017 GRMZM2G148969 (CYP709B2): cytochrome 
P450, family 709, subfamily 
B, polypeptide 2  
S9_127304471 9 127304471 3.60E-07 0.25 1675 0.19 0.20 0.017 GRMZM2G020761 (CYP709B2): cytochrome 
P450, family 709, subfamily 
B, polypeptide 2  
S9_127304477 9 127304477 3.60E-07 0.25 1675 0.19 0.20 0.017 GRMZM2G148969 (CYP709B2): cytochrome 
P450, family 709, subfamily 
B, polypeptide 2  
S9_127304477 9 127304477 3.60E-07 0.25 1675 0.19 0.20 0.017 GRMZM2G020761 (CYP709B2): cytochrome 
P450, family 709, subfamily 
B, polypeptide 2  
S9_143037388 9 143037388 2.02E-06 0.05 1675 0.19 0.20 0.030 GRMZM2G149809 T1G20030.2: Pathogenesis-
related thaumatin 
superfamily protein  
S9_153831925 9 153831925 6.54E-07 0.25 1675 0.19 0.20 0.023 GRMZM2G171365 (AGL20,ATSOC1,SOC1): 
AGAMOUS-like 20  



















Genes within 10 Kb 
of SNP Annotation 
S9_153831925 9 153831925 6.54E-07 0.25 1675 0.19 0.20 0.023 GRMZM2G171440 MBOAT (membrane bound 
O-acyl transferase) family 
protein  
S9_153831925 9 153831925 6.54E-07 0.25 1675 0.19 0.20 0.023 GRMZM2G171450 DEA(D/H)-box RNA helicase 
family protein  
S9_153831954 9 153831954 2.95E-06 0.25 1675 0.19 0.20 0.032 GRMZM2G171365 (AGL20,ATSOC1,SOC1): 
AGAMOUS-like 20  
S9_153831954 9 153831954 2.95E-06 0.25 1675 0.19 0.20 0.032 GRMZM2G171440 MBOAT (membrane bound 
O-acyl transferase) family 
protein  
S9_153831954 9 153831954 2.95E-06 0.25 1675 0.19 0.20 0.032 GRMZM2G171450 DEA(D/H)-box RNA helicase 








D-4 Trait VTR2L Candidate Genes 











Genes within 10 Kb 
of SNP Annotations 
S1_33448191 1 33448191 1.64E-07 0.40 1674 0.13 0.14 0.039 GRMZM2G149646 retrotransposon protein, 
putative, unclassified, 
expressed  
S2_136562876 2 137000000 5.70E-07 0.28 1674 0.13 0.14 0.039 GRMZM2G003234 C2H2-like zinc finger protein  
S2_212641128 2 213000000 1.16E-06 0.43 1674 0.13 0.14 0.043 GRMZM2G064630 (AtMYB124,FLP,MYB124): 
Duplicated homeodomain-
like superfamily protein  
S2_212641128 2 213000000 1.16E-06 0.43 1674 0.13 0.14 0.043 GRMZM2G064941 (ATPIN4,PIN4): Auxin efflux 
carrier family protein  
S2_212641128 2 213000000 1.16E-06 0.43 1674 0.13 0.14 0.043 GRMZM2G064640 Ribosomal protein S4  
S2_212641128 2 213000000 1.16E-06 0.43 1674 0.13 0.14 0.043 GRMZM2G064938 helix-loop-helix DNA-binding 
domain containing protein, 
expressed  
S4_32604866 4 32604866 1.14E-06 0.42 1674 0.13 0.14 0.043 GRMZM2G128504 UDP-Glycosyltransferase 
superfamily protein  
S4_33428926 4 33428926 4.73E-07 0.20 1674 0.13 0.14 0.039 GRMZM2G092535 Small nuclear 
ribonucleoprotein family 
protein  
S4_33428926 4 33428926 4.73E-07 0.20 1674 0.13 0.14 0.039 GRMZM2G092451 (TOP1,TOP1BETA): DNA 
topoisomerase 1 beta  
S4_33428938 4 33428938 6.13E-07 0.20 1674 0.13 0.14 0.039 GRMZM2G092451   (TOP1,TOP1BETA): DNA 
topoisomerase 1 beta  





















Genes within 10 Kb 
of SNP Annotations 




S4_178040254 4 178000000 6.01E-07 0.19 1674 0.13 0.14 0.039 GRMZM2G158811 (CPR5,HYS1): CPR5 protein, 
putative  
S5_212614190 5 213000000 2.26E-07 0.06 1674 0.13 0.14 0.039 GRMZM5G852886 CAP (Cysteine-rich secretory 
proteins, Antigen 5, and 
Pathogenesis-related 1 
protein) superfamily protein  
S5_212614190 5 213000000 2.26E-07 0.06 1674 0.13 0.14 0.039 GRMZM2G008367 CAP (Cysteine-rich secretory 
proteins, Antigen 5, and 
Pathogenesis-related 1 
protein) superfamily protein  
S5_212614190 5 213000000 2.26E-07 0.06 1674 0.13 0.14 0.039 GRMZM2G008406 CAP (Cysteine-rich secretory 
proteins, Antigen 5, and 
Pathogenesis-related 1 
protein) superfamily protein  
S5_214336719 5 214000000 1.09E-06 0.15 1674 0.13 0.14 0.043 GRMZM2G027282 (ATS6A.2,RPT5A): regulatory 
particle triple-A ATPase 5A  
S5_214336719 5 214000000 1.09E-06 0.15 1674 0.13 0.14 0.043 GRMZM2G027019 (ATVAMP713,VAMP713): 
vesicle-associated 
membrane protein 713  
S7_140712419 7 141000000 1.14E-06 0.45 1674 0.13 0.14 0.043 GRMZM2G043600 Basic-leucine zipper (bZIP) 
transcription factor family 
protein  
S7_140712419 7 141000000 1.14E-06 0.45 1674 0.13 0.14 0.043 GRMZM2G043636 Molecular chaperone 










D-5 Trait VTR4 Candidate Genes 










Genes within 10 Kp 
of SNP Annotation 
S1_7080149 1 7080149 4.60E-05 0.09 1391 0.20 0.21 0.049 GRMZM2G109566 Protein kinase 
superfamily protein  
S1_7080149 1 7080149 4.60E-05 0.09 1391 0.20 0.21 0.049 GRMZM2G109509 Plant regulator 
RWP-RK family 
protein  
S1_7080149 1 7080149 4.60E-05 0.09 1391 0.20 0.21 0.049 GRMZM2G409997 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S1_7080149 1 7080149 4.60E-05 0.09 1391 0.20 0.21 0.049 GRMZM2G409976 Protein kinase 
superfamily protein  
S1_18977637 1 18977637 3.22E-05 0.05 1391 0.20 0.21 0.044 GRMZM2G148706 RING/U-box 
superfamily protein  
S1_18977637 1 18977637 3.22E-05 0.05 1391 0.20 0.21 0.044 GRMZM2G031177 MATE efflux family 
protein  
S1_19263143 1 19263143 4.52E-05 0.29 1391 0.20 0.21 0.049 GRMZM2G132367 (ATHB6,HB6): 
homeobox protein 6  
S1_23414805 1 23414805 4.45E-05 0.07 1391 0.20 0.21 0.049 GRMZM2G121706 (ATOFP7,OFP7): 
ovate family protein 
7 
S1_23578479 1 23578479 1.42E-05 0.05 1391 0.20 0.21 0.036 AC205725.3_FG010 (RBL): Noc2p family  
S1_23578481 1 23578481 1.42E-05 0.05 1391 0.20 0.21 0.036 AC205725.3_FG010 (RBL): Noc2p family  
S1_24743247 1 24743247 1.54E-05 0.07 1391 0.20 0.21 0.036 GRMZM2G331652 Aminotransferase-
like, plant mobile 
domain family 
protein  


















Genes within 10 Kp 
of SNP Annotation 
S1_24743247 1 24743247 1.54E-05 0.07 1391 0.20 0.21 0.036 GRMZM2G331638 Auxin-responsive 
family protein  
S1_25154097 1 25154097 7.15E-06 0.06 1391 0.20 0.21 0.029 GRMZM2G376074 (ATUBP26,SUP32,UB
P26): ubiquitin-
specific protease 26  
S1_27109194 1 27109194 4.07E-05 0.05 1391 0.20 0.21 0.048 GRMZM2G163129 (PSL5,RSW3): 
Glycosyl hydrolases 
family 31 protein  
S1_27109194 1 27109194 4.07E-05 0.05 1391 0.20 0.21 0.048 GRMZM2G163154 MATE efflux family 
protein  
S1_27109194 1 27109194 4.07E-05 0.05 1391 0.20 0.21 0.048 AC208897.3_FG003 myosin-related  
S1_28424547 1 28424547 1.35E-05 0.28 1391 0.20 0.21 0.036 GRMZM2G099797 (ARR2,RR2): 
response regulator 
2 
S1_28424547 1 28424547 1.35E-05 0.28 1391 0.20 0.21 0.036 GRMZM2G397754 Major facilitator 
superfamily protein  
S1_28424548 1 28424548 1.35E-05 0.28 1391 0.20 0.21 0.036 GRMZM2G099797 (ARR2,RR2): 
response regulator 
2 
S1_28424548 1 28424548 1.35E-05 0.28 1391 0.20 0.21 0.036 GRMZM2G397754 Major facilitator 
superfamily protein  




S1_32871037 1 32871037 4.12E-05 0.44 1391 0.20 0.21 0.048 GRMZM2G077942 (ADF5,ATADF5): 
actin 
depolymerizing 
factor 5  
           


















Genes within 10 Kp 
of SNP Annotation 
S1_39895751 1 39895751 5.95E-06 0.17 1391 0.20 0.21 0.028 GRMZM2G078164 (DVL11,RTFL8): 
ROTUNDIFOLIA like 
8 
S1_41437359 1 41437359 4.18E-06 0.08 1391 0.20 0.22 0.027 GRMZM2G043857 Ankyrin repeat 
family protein  












S1_42520440 1 42520440 1.12E-05 0.17 1391 0.20 0.21 0.034 GRMZM2G042107 Ankyrin repeat 
family protein  
S1_42520440 1 42520440 1.12E-05 0.17 1391 0.20 0.21 0.034 GRMZM2G338333 (ITN1): Ankyrin 
repeat family 
protein  
S1_42520476 1 42520476 1.12E-05 0.17 1391 0.20 0.21 0.034 GRMZM2G042107 Ankyrin repeat 
family protein  
S1_42520476 1 42520476 1.12E-05 0.17 1391 0.20 0.21 0.034 GRMZM2G338333 (ITN1): Ankyrin 
repeat family 
protein  
S1_42520536 1 42520536 2.70E-05 0.18 1391 0.20 0.21 0.041 GRMZM2G042107 Ankyrin repeat 
family protein  




















Genes within 10 Kp 
of SNP Annotation 
S1_46842397 1 46842397 1.40E-07 0.12 1391 0.20 0.22 0.010 GRMZM2G010545 PLAC8 family 
protein  




superfamily protein  
S1_46842398 1 46842398 1.40E-07 0.12 1391 0.20 0.22 0.010 GRMZM2G010545 PLAC8 family 
protein  




superfamily protein  
S1_48890554 1 48890554 1.52E-05 0.06 1391 0.20 0.21 0.036 GRMZM2G383790 (ATXT1,XT1,XXT1): 
xylosyltransferase 1  
S1_72112945 1 72112945 4.64E-05 0.05 1391 0.20 0.21 0.049 GRMZM2G179521 (G6PD2): glucose-6-
phosphate 
dehydrogenase 2  
S1_80952700 1 80952700 3.60E-06 0.06 1391 0.20 0.22 0.027 GRMZM2G434500 Glucose-methanol-
choline (GMC) 
oxidoreductase 
family protein  
S1_80952700 1 80952700 3.60E-06 0.06 1391 0.20 0.22 0.027 GRMZM2G133968 DNA binding  




           
           


















Genes within 10 Kp 
of SNP Annotation 





S1_162464005 1 162464005 6.30E-06 0.34 1391 0.20 0.21 0.029 GRMZM2G476637 (NPY2): Phototropic-
responsive NPH3 
family protein  
S1_170476235 1 170476235 3.41E-05 0.09 1391 0.20 0.21 0.044 GRMZM2G100121 (FBL17): RNI-like 
superfamily protein  
S1_172875668 1 172875668 1.95E-05 0.19 1391 0.20 0.21 0.038 GRMZM5G865967 (PIF4,SRL2): 
phytochrome 
interacting factor 4  
S1_172875668 1 172875668 1.95E-05 0.19 1391 0.20 0.21 0.038 GRMZM2G087608 OsFBX436 - F-box 
domain containing 
protein, expressed  
S1_172903996 1 172903996 9.40E-06 0.25 1391 0.20 0.21 0.034 GRMZM5G852177 Protein kinase 
superfamily protein  





S1_174284218 1 174284218 1.01E-05 0.46 1391 0.20 0.21 0.034 GRMZM2G118646 (DEG5,DEGP5,HHOA
): DEGP protease 5  
S1_174284253 1 174284253 1.20E-05 0.05 1391 0.20 0.21 0.035 GRMZM2G118646 (DEG5,DEGP5,HHOA
): DEGP protease 5  
S1_179980108 1 179980108 1.32E-05 0.23 1391 0.20 0.21 0.036 GRMZM2G392791 alpha/beta-
Hydrolases 
superfamily protein  


















Genes within 10 Kp 
of SNP Annotation 
S1_179980108 1 179980108 1.32E-05 0.23 1391 0.20 0.21 0.036 GRMZM2G093809 Leucine-rich repeat 
transmembrane 
protein kinase 
family protein  
S1_179980158 1 179980158 1.49E-05 0.23 1391 0.20 0.21 0.036 GRMZM2G392791 alpha/beta-
Hydrolases 
superfamily protein  
S1_179980158 1 179980158 1.49E-05 0.23 1391 0.20 0.21 0.036 GRMZM2G093809 Leucine-rich repeat 
transmembrane 
protein kinase 
family protein  
S1_179980698 1 179980698 1.57E-05 0.23 1391 0.20 0.21 0.036 GRMZM2G392791 alpha/beta-
Hydrolases 
superfamily protein  
S1_179980698 1 179980698 1.57E-05 0.23 1391 0.20 0.21 0.036 GRMZM2G093809 Leucine-rich repeat 
transmembrane 
protein kinase 
family protein  
S1_180817523 1 180817523 4.16E-05 0.14 1391 0.20 0.21 0.048 GRMZM2G151236 Protein kinase 
superfamily protein  
S1_180817523 1 180817523 4.16E-05 0.14 1391 0.20 0.21 0.048 AC195785.3_FG004 S-locus lectin 
protein kinase 
family protein  
S1_191604990 1 191604990 9.73E-06 0.13 1391 0.20 0.21 0.034 GRMZM2G040509 (ATBPM1,BPM1): 
BTB-POZ and MATH 
domain 1  
S1_196204573 1 196204573 2.82E-05 0.05 1391 0.20 0.21 0.042 GRMZM2G053027 (RFI2): RING/U-box 
superfamily protein  
S1_196204573 1 196204573 2.82E-05 0.05 1391 0.20 0.21 0.042 GRMZM2G353483 (ATEXO70F1,EXO70




















Genes within 10 Kp 
of SNP Annotation 
S1_196972895 1 196972895 2.14E-05 0.20 1391 0.20 0.21 0.039 GRMZM2G077320 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S1_199754817 1 199754817 3.19E-05 0.06 1391 0.20 0.21 0.044 GRMZM5G881887 NAD(P)-binding 
Rossmann-fold 
superfamily protein  




superfamily protein  
S1_204869927 1 204869927 1.72E-05 0.09 1391 0.20 0.21 0.036 GRMZM2G320708 Late embryogenesis 
abundant (LEA) 
hydroxyproline-rich 
glycoprotein family  
S1_204869927 1 204869927 1.72E-05 0.09 1391 0.20 0.21 0.036 GRMZM2G022866 Thioredoxin family 
protein  




superfamily protein  
S1_204871830 1 204871830 4.97E-06 0.10 1391 0.20 0.22 0.027 GRMZM2G320708 Late embryogenesis 
abundant (LEA) 
hydroxyproline-rich 
glycoprotein family  
S1_204871830 1 204871830 4.97E-06 0.10 1391 0.20 0.22 0.027 GRMZM2G022866 Thioredoxin family 
protein  
           
           


















Genes within 10 Kp 
of SNP Annotation 




superfamily protein  
S1_204871832 1 204871832 4.97E-06 0.10 1391 0.20 0.22 0.027 GRMZM2G320708 Late embryogenesis 
abundant (LEA) 
hydroxyproline-rich 
glycoprotein family  
S1_204871832 1 204871832 4.97E-06 0.10 1391 0.20 0.22 0.027 GRMZM2G022866 Thioredoxin family 
protein  
S1_206903638 1 206903638 4.38E-05 0.15 1391 0.20 0.21 0.049 GRMZM2G063883 (SDG22,SET22,SUVH
9): SU(VAR)3-9 
homolog 9  





superfamily protein  
S1_245697841 1 245697841 1.80E-05 0.20 1391 0.20 0.21 0.038 GRMZM2G455817 (ATHAK5,HAK5): 
high affinity K+ 
transporter 5  
S1_261218999 1 261218999 4.62E-05 0.05 1391 0.20 0.21 0.049 GRMZM2G412150 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  






















Genes within 10 Kp 
of SNP Annotation 




like family protein  
S1_275086596 1 275086596 2.46E-05 0.07 1391 0.20 0.21 0.041 GRMZM2G149775 (HTA11): histone 
H2A 11  
S1_275086596 1 275086596 2.46E-05 0.07 1391 0.20 0.21 0.041 GRMZM2G149923 (ACAM-
1,CAM1,TCH1): 
calmodulin 1 
S1_280686695 1 280686695 4.74E-05 0.05 1391 0.20 0.21 0.050 GRMZM2G164580 Pyridoxal phosphate 
(PLP)-dependent 
transferases 
superfamily protein  
S1_280686705 1 280686705 4.74E-05 0.05 1391 0.20 0.21 0.050 GRMZM2G164580 Pyridoxal phosphate 
(PLP)-dependent 
transferases 
superfamily protein  
S1_285926857 1 285926857 4.11E-05 0.07 1391 0.20 0.21 0.048 GRMZM2G434533 MD-2-related lipid 
recognition domain-
containing protein / 
ML domain-
containing protein  
S1_285926857 1 285926857 4.11E-05 0.07 1391 0.20 0.21 0.048 GRMZM2G135011 RING/U-box 
superfamily protein  
S1_285926857 1 285926857 4.11E-05 0.07 1391 0.20 0.21 0.048 GRMZM2G134917 (ATJ2,J2): DNAJ 
homologue 2  
S1_290957276 1 290957276 3.03E-05 0.18 1391 0.20 0.21 0.043 GRMZM2G077181 (AtSIP2,SIP2): seed 
imbibition 2  
           


















Genes within 10 Kp 
of SNP Annotation 








superfamily protein  
S2_2539903 2 2539903 1.72E-05 0.31 1391 0.20 0.21 0.036 GRMZM2G010257 60S acidic ribosomal 
protein family  
S2_2539903 2 2539903 1.72E-05 0.31 1391 0.20 0.21 0.036 GRMZM2G010435 Granulin repeat 
cysteine protease 
family protein  
S2_2539903 2 2539903 1.72E-05 0.31 1391 0.20 0.21 0.036 GRMZM2G107187 SEC-C motif-




S2_9018813 2 9018813 1.74E-05 0.06 1391 0.20 0.21 0.037 GRMZM2G000039 SIT4 phosphatase-
associated family 
protein  
S2_9018813 2 9018813 1.74E-05 0.06 1391 0.20 0.21 0.037 GRMZM2G000047 (ATHAK5,HAK5): 
high affinity K+ 
transporter 5  
S2_9018813 2 9018813 1.74E-05 0.06 1391 0.20 0.21 0.037 GRMZM2G000044 RPM1-interacting 
protein 4 (RIN4) 
family protein  




















Genes within 10 Kp 
of SNP Annotation 




S2_27955863 2 27955863 3.69E-05 0.25 1391 0.20 0.21 0.045 GRMZM2G079683 Protein of unknown 
function, DUF584  
S2_27955919 2 27955919 3.85E-05 0.25 1391 0.20 0.21 0.046 GRMZM2G079683 Protein of unknown 
function, DUF584  
S2_41247680 2 41247680 1.95E-05 0.07 1391 0.20 0.21 0.038 GRMZM2G394321 (RKL1): receptor-like 
kinase 1  
S2_168550067 2 168550067 1.69E-05 0.07 1391 0.20 0.21 0.036 GRMZM2G092125 (PIP2;2,PIP2B): 
plasma membrane 
intrinsic protein 2  
S2_184267183 2 184267183 1.31E-05 0.47 1391 0.20 0.21 0.036 GRMZM2G125482 (CYP75B1,D501,TT7)
: Cytochrome P450 
superfamily protein  
S2_187448381 2 187448381 4.56E-05 0.05 1391 0.20 0.21 0.049 GRMZM2G178229 (CYCD4;1): CYCLIN 
D4;1  
S2_188366566 2 188366566 4.62E-05 0.05 1391 0.20 0.21 0.049 GRMZM2G137532 (AtbZIP3,bZIP3): 
basic leucine-zipper 
3 




S2_192433107 2 192433107 7.05E-06 0.12 1391 0.20 0.21 0.029 GRMZM2G179031 (DRB2): dsRNA-
binding protein 2  
S2_192433107 2 192433107 7.05E-06 0.12 1391 0.20 0.21 0.029 GRMZM2G179002 DHHC-type zinc 
finger family protein  
           


















Genes within 10 Kp 
of SNP Annotation 






           


















S2_194113696 2 194113696 4.52E-06 0.07 1391 0.20 0.22 0.027 GRMZM2G037910 Basic-leucine zipper 
(bZIP) transcription 
factor family protein  
S2_195036748 2 195036748 9.82E-06 0.05 1391 0.20 0.21 0.034 GRMZM2G034260 Mediator complex, 
subunit Med10  


















Genes within 10 Kp 
of SNP Annotation 
S2_195036748 2 195036748 9.82E-06 0.05 1391 0.20 0.21 0.034 GRMZM2G034471 (CYP78A6): 
cytochrome P450, 
family 78, subfamily 
A, polypeptide 6  
S2_197227802 2 197227802 1.62E-05 0.06 1391 0.20 0.21 0.036 GRMZM2G140116 Ribosomal protein 
L14  
S2_197227802 2 197227802 1.62E-05 0.06 1391 0.20 0.21 0.036 GRMZM2G049613 Protein of unknown 
function (DUF630 
and DUF632)  
S2_206219806 2 206219806 8.57E-06 0.22 1391 0.20 0.21 0.031 GRMZM2G087479 Major facilitator 
superfamily protein  




S2_206219856 2 206219856 8.57E-06 0.22 1391 0.20 0.21 0.031 GRMZM2G087479 Major facilitator 
superfamily protein  




S2_206219945 2 206219945 1.13E-05 0.21 1391 0.20 0.21 0.034 GRMZM2G087479 Major facilitator 
superfamily protein  

























Genes within 10 Kp 
of SNP Annotation 




S2_213998470 2 213998470 2.24E-06 0.20 1391 0.20 0.22 0.024 GRMZM2G022947 (CYP72A8): 
cytochrome P450, 
family 72, subfamily 
A, polypeptide 8  
S2_233749766 2 233749766 1.90E-05 0.17 1391 0.20 0.21 0.038 GRMZM2G037923 Protein kinase 
family protein 
S2_233749766 2 233749766 1.90E-05 0.17 1391 0.20 0.21 0.038 GRMZM2G037614 (DIN4): 
Transketolase family 
protein  
S2_233749766 2 233749766 1.90E-05 0.17 1391 0.20 0.21 0.038 GRMZM2G340130 (ECT2): 
evolutionarily 
conserved C-
terminal region 2  
S2_233749766 2 233749766 1.90E-05 0.17 1391 0.20 0.21 0.038 GRMZM2G021051 (AT2353,ATGA20OX
2,GA20OX2): 
gibberellin 20 
oxidase 2  
S2_233749766 2 233749766 1.90E-05 0.17 1391 0.20 0.21 0.038 GRMZM5G878490 (AGL62): 
AGAMOUS-like 62  
S2_233749766 2 233749766 1.90E-05 0.17 1391 0.20 0.21 0.038 AC209768.3_FG005 Polynucleotidyl 
transferase, 
ribonuclease H-like 
superfamily protein  
S2_233749780 2 233749780 3.43E-05 0.17 1391 0.20 0.21 0.044 GRMZM2G037923 Protein kinase 
family protein  




















Genes within 10 Kp 
of SNP Annotation 
S2_233749780 2 233749780 3.43E-05 0.17 1391 0.20 0.21 0.044 GRMZM2G340130 (ECT2): 
evolutionarily 
conserved C-
terminal region 2  
S2_233749780 2 233749780 3.43E-05 0.17 1391 0.20 0.21 0.044 GRMZM2G021051 (AT2353,ATGA20OX
2,GA20OX2): 
gibberellin 20 
oxidase 2  
S2_233749780 2 233749780 3.43E-05 0.17 1391 0.20 0.21 0.044 GRMZM5G878490 (AGL62): 
AGAMOUS-like 62  
S2_233749780 2 233749780 3.43E-05 0.17 1391 0.20 0.21 0.044 AC209768.3_FG005 Polynucleotidyl 
transferase, 
ribonuclease H-like 
superfamily protein  
S3_306174 3 306174 2.83E-07 0.24 1391 0.20 0.22 0.014 GRMZM2G035482 Coatomer epsilon 
subunit  
S3_1467296 3 1467296 8.42E-07 0.11 1391 0.20 0.22 0.023 GRMZM2G087804 (ATGLK1,GLK1,GPRI
1): GBF\'s pro-rich 
region-interacting 
factor 1  
S3_1467296 3 1467296 8.42E-07 0.11 1391 0.20 0.22 0.023 GRMZM2G087714 (NFD6): nuclear 
fusion defective 6  
S3_1467297 3 1467297 5.50E-07 0.11 1391 0.20 0.22 0.020 GRMZM2G087804 (ATGLK1,GLK1,GPRI
1): GBF\'s pro-rich 
region-interacting 
factor 1  
S3_1467297 3 1467297 5.50E-07 0.11 1391 0.20 0.22 0.020 GRMZM2G087714 (NFD6): nuclear 
fusion defective 6  
S3_1468707 3 1468707 3.47E-05 0.45 1391 0.20 0.21 0.044 GRMZM2G087804 (ATGLK1,GLK1,GPRI
1): GBF\'s pro-rich 
region-interacting 


















Genes within 10 Kp 
of SNP Annotation 
S3_1468707 3 1468707 3.47E-05 0.45 1391 0.20 0.21 0.044 GRMZM2G087714 (NFD6): nuclear 
fusion defective 6  
S3_1468710 3 1468710 4.44E-05 0.46 1391 0.20 0.21 0.049 GRMZM2G087804 (ATGLK1,GLK1,GPRI
1): GBF\'s pro-rich 
region-interacting 
factor 1  
S3_1468710 3 1468710 4.44E-05 0.46 1391 0.20 0.21 0.049 GRMZM2G087714 (NFD6): nuclear 
fusion defective 6  
S3_1468711 3 1468711 3.47E-05 0.45 1391 0.20 0.21 0.044 GRMZM2G087804 (ATGLK1,GLK1,GPRI
1): GBF\'s pro-rich 
region-interacting 
factor 1 
S3_1468711 3 1468711 3.47E-05 0.45 1391 0.20 0.21 0.044 GRMZM2G087714 (NFD6): nuclear 
fusion defective 6  
S3_1468712 3 1468712 3.47E-05 0.45 1391 0.20 0.21 0.044 GRMZM2G087804 (ATGLK1,GLK1,GPRI
1): GBF\'s pro-rich 
region-interacting 
factor 1  
S3_1468712 3 1468712 3.47E-05 0.45 1391 0.20 0.21 0.044 GRMZM2G087714 (NFD6): nuclear 
fusion defective 6  
S3_1468713 3 1468713 3.47E-05 0.45 1391 0.20 0.21 0.044 GRMZM2G087804 (ATGLK1,GLK1,GPRI
1): GBF\'s pro-rich 
region-interacting 
factor 1  
S3_1468713 3 1468713 3.47E-05 0.45 1391 0.20 0.21 0.044 GRMZM2G087714 (NFD6): nuclear 
fusion defective 6  
S3_1468716 3 1468716 3.47E-05 0.45 1391 0.20 0.21 0.044 GRMZM2G087804 (ATGLK1,GLK1,GPRI
1): GBF\'s pro-rich 
region-interacting 
factor 1  
S3_1468716 3 1468716 3.47E-05 0.45 1391 0.20 0.21 0.044 GRMZM2G087714 (NFD6): nuclear 


















Genes within 10 Kp 
of SNP Annotation 
S3_5850435 3 5850435 3.07E-07 0.09 1391 0.20 0.22 0.014 GRMZM2G470914 Protein kinase 
superfamily protein  




family protein  
S3_10517929 3 10517929 3.38E-05 0.14 1391 0.20 0.21 0.044 GRMZM2G348238 Homeodomain-like 
superfamily protein  




family protein  
S3_19967649 3 19967649 3.42E-05 0.20 1391 0.20 0.21 0.044 GRMZM2G467671 Protein kinase 
superfamily protein  
S3_26309300 3 26309300 3.78E-05 0.05 1391 0.20 0.21 0.045 GRMZM2G104829 Glycosyltransferase 
family 61 protein  
S3_48493746 3 48493746 2.23E-05 0.26 1391 0.20 0.21 0.039 GRMZM2G017520 (ATMYB61,MYB61): 
myb domain protein 
61 
S3_48493947 3 48493947 4.68E-05 0.38 1391 0.20 0.21 0.050 GRMZM2G017520 (ATMYB61,MYB61): 
myb domain protein 
61 
S3_141572234 3 141572234 2.16E-05 0.08 1391 0.20 0.21 0.039 GRMZM2G115812 SAP domain 
containing protein, 
expressed  
S3_166793983 3 166793983 2.52E-05 0.37 1391 0.20 0.21 0.041 GRMZM2G141632 POEI32 - Pollen Ole 





















Genes within 10 Kp 
of SNP Annotation 
S3_166793983 3 166793983 2.52E-05 0.37 1391 0.20 0.21 0.041 GRMZM2G141638 (PLT2): Integrase-
type DNA-binding 
superfamily protein  
S3_166796168 3 166796168 3.46E-05 0.14 1391 0.20 0.21 0.044 GRMZM2G141632  POEI32 - Pollen Ole 




S3_166796168 3 166796168 3.46E-05 0.14 1391 0.20 0.21 0.044 GRMZM2G141638 (PLT2): Integrase-
type DNA-binding 
superfamily protein  
S3_167009322 3 167009322 1.06E-05 0.33 1391 0.20 0.21 0.034 GRMZM2G346132 Protein kinase 
superfamily protein  
S3_167009322 3 167009322 1.06E-05 0.33 1391 0.20 0.21 0.034 GRMZM2G047572 Family of unknown 
function (DUF566)  




superfamily protein  
S3_167009322 3 167009322 1.06E-05 0.33 1391 0.20 0.21 0.034 GRMZM2G438045 Ribosomal RNA 
processing Brix 
domain protein  
S3_167069918 3 167069918 3.74E-05 0.37 1391 0.20 0.21 0.045 GRMZM2G137174 (PLA 
IIA,PLA2A,PLP2): 
phospholipase A 2A  
S3_167478960 3 167478960 3.02E-05 0.06 1391 0.20 0.21 0.043 GRMZM2G044584 Ribosomal protein 
L13 family protein  
S3_167478960 3 167478960 3.02E-05 0.06 1391 0.20 0.21 0.043 GRMZM2G118362 Tetratricopeptide 
repeat (TPR)-like 


















Genes within 10 Kp 
of SNP Annotation 
S3_184948734 3 184948734 1.41E-07 0.16 1391 0.20 0.22 0.010 GRMZM2G065290 (ATWRKY46,WRKY4
6): WRKY DNA-
binding protein 46  
S3_191777687 3 191777687 4.98E-07 0.39 1391 0.20 0.22 0.020 GRMZM2G093239 Transducin/WD40 
repeat-like 
superfamily protein  
S3_191777687 3 191777687 4.98E-07 0.39 1391 0.20 0.22 0.020 GRMZM2G093101 (ATPAP10,PAP10): 
purple acid 
phosphatase 10  
S3_195964307 3 195964307 2.23E-05 0.29 1391 0.20 0.21 0.039 GRMZM2G105863 (RIP2): ROP 
interactive partner 2  
S3_209904642 3 209904642 1.11E-05 0.44 1391 0.20 0.21 0.034 GRMZM2G346639 Nucleotidyltransfera
se family protein  
S3_209904679 3 209904679 1.11E-05 0.44 1391 0.20 0.21 0.034 GRMZM2G346639 Nucleotidyltransfera
se family protein  
S3_209904786 3 209904786 1.43E-05 0.48 1391 0.20 0.21 0.036 GRMZM2G346639 Nucleotidyltransfera
se family protein  
S3_224467850 3 224467850 2.84E-05 0.42 1391 0.20 0.21 0.042 GRMZM5G874955 (ABCG40,ATABCG40
,ATPDR12,PDR12): 
pleiotropic drug 
resistance 12  
S3_224467850 3 224467850 2.84E-05 0.42 1391 0.20 0.21 0.042 GRMZM2G143234 ATP synthase 
epsilon chain, 
mitochondrial  
S3_225206118 3 225206118 5.28E-06 0.26 1391 0.20 0.22 0.028 GRMZM2G001296 (MEE18): maternal 
effect embryo arrest 
18 
S3_225206145 3 225206145 3.00E-06 0.26 1391 0.20 0.22 0.027 GRMZM2G001296 (MEE18): maternal 
effect embryo arrest 
18 


















Genes within 10 Kp 
of SNP Annotation 
S3_228983258 3 228983258 4.11E-05 0.38 1391 0.20 0.21 0.048 GRMZM2G344924 Nucleoporin 
autopeptidase 
S3_228983258 3 228983258 4.11E-05 0.38 1391 0.20 0.21 0.048 GRMZM2G344903 (CYP89A9): 
cytochrome P450, 
family 87, subfamily 
A, polypeptide 9  





S4_18581278 4 18581278 3.14E-05 0.25 1391 0.20 0.21 0.044 GRMZM2G139880 (THY-1): thymidylate 
synthase 1  




family protein  
S4_18581278 4 18581278 3.14E-05 0.25 1391 0.20 0.21 0.044 GRMZM2G440208 6-phosphogluconate 
dehydrogenase 
family protein  
S4_185864906 4 185864906 3.59E-05 0.06 1391 0.20 0.21 0.045 GRMZM2G071378 Nucleotide-sugar 
transporter family 
protein  
S4_185864906 4 185864906 3.59E-05 0.06 1391 0.20 0.21 0.045 GRMZM2G071288 Peroxisomal 
membrane 22 kDa 
(Mpv17/PMP22) 
family protein  
           
           


















Genes within 10 Kp 
of SNP Annotation 
S4_208396741 4 208396741 4.46E-06 0.21 1391 0.20 0.22 0.027 GRMZM2G413253 (EMB2778,FKP1,HM
GS,MVA1): 
hydroxymethylgluta












directed DNA  





S5_938415 5 938415 1.87E-05 0.48 1391 0.20 0.21 0.038 GRMZM2G033117 DCD (Development 
and Cell Death) 
domain protein  
S5_938415 5 938415 1.87E-05 0.48 1391 0.20 0.21 0.038 GRMZM2G082976 (DER2.2): DERLIN-
2.2  
S5_938415 5 938415 1.87E-05 0.48 1391 0.20 0.21 0.038 GRMZM2G030858 transducin family 
protein / WD-40 
repeat family 
protein  



















Genes within 10 Kp 
of SNP Annotation 
S5_938415 5 938415 1.87E-05 0.48 1391 0.20 0.21 0.038 GRMZM2G028889 hydroxyproline-rich 
glycoprotein family 
protein  
S5_2796695 5 2796695 4.01E-06 0.06 1391 0.20 0.22 0.027 GRMZM2G108716 (TFIIS): transcript 
elongation factor IIS  
S5_2796695 5 2796695 4.01E-06 0.06 1391 0.20 0.22 0.027 GRMZM2G108677 RNA-binding KH 
domain-containing 
protein  
S5_2796695 5 2796695 4.01E-06 0.06 1391 0.20 0.22 0.027 GRMZM5G899149 Ribosomal protein 
S26e family protein  
S5_2796695 5 2796695 4.01E-06 0.06 1391 0.20 0.22 0.027 GRMZM2G108694 (CKI1): Signal 
transduction 
histidine kinase  
S5_2814158 5 2814158 2.25E-05 0.07 1391 0.20 0.21 0.039 GRMZM2G108677 RNA-binding KH 
domain-containing 
protein  
S5_2814158 5 2814158 2.25E-05 0.07 1391 0.20 0.21 0.039 GRMZM2G108694 (CKI1): Signal 
transduction 
histidine kinase  
S5_2814158 5 2814158 2.25E-05 0.07 1391 0.20 0.21 0.039 GRMZM2G108643 Ribosomal protein 
L17 family protein 




S5_11883125 5 11883125 1.99E-05 0.19 1391 0.20 0.21 0.038 GRMZM2G090435 Protein of unknown 
function (DUF3049)  
S5_19681313 5 19681313 4.36E-05 0.33 1391 0.20 0.21 0.049 GRMZM2G124918 (SC3): secretory 
carrier 3  
S5_19681313 5 19681313 4.36E-05 0.33 1391 0.20 0.21 0.049 GRMZM2G124863 transferases;folic 


















Genes within 10 Kp 
of SNP Annotation 
S5_21343857 5 21343857 3.32E-05 0.09 1391 0.20 0.21 0.044 GRMZM5G851862 (CYP76C2): 
cytochrome P450, 
family 76, subfamily 
C, polypeptide 2  
S5_21343857 5 21343857 3.32E-05 0.09 1391 0.20 0.21 0.044 GRMZM5G823318 (AK,AK-LYS1,AK1): 
aspartate kinase 1  
S5_171964045 5 171964045 3.16E-05 0.05 1391 0.20 0.21 0.044 GRMZM5G839969 (AGL80,FEM111): 
AGAMOUS-like 80  
S5_179844272 5 179844272 3.66E-05 0.33 1391 0.20 0.21 0.045 GRMZM2G390560 UDP-
Glycosyltransferase 
superfamily protein  
S5_179844272 5 179844272 3.66E-05 0.33 1391 0.20 0.21 0.045 GRMZM2G057184 ARM-
repeat/Tetratricope
ptide repeat (TPR)-
like protein  
S5_179844272 5 179844272 3.66E-05 0.33 1391 0.20 0.21 0.045 GRMZM2G056988 Protein of unknown 
function (DUF581)  





superfamily protein  
S5_188388368 5 188388368 3.52E-05 0.07 1391 0.20 0.21 0.044 GRMZM2G172239 BolA-like family 
protein  























Genes within 10 Kp 
of SNP Annotation 
S5_188393532 5 188393532 1.06E-05 0.11 1391 0.20 0.21 0.034 GRMZM2G172239 BolA-like family 
protein  





S5_210874222 5 210874222 8.17E-06 0.06 1391 0.20 0.21 0.031 GRMZM2G046894 Cyclophilin-like 
peptidyl-prolyl cis-
trans isomerase 
family protein  
S5_210874222 5 210874222 8.17E-06 0.06 1391 0.20 0.21 0.031 GRMZM2G046459 O-Glycosyl 
hydrolases family 17 
protein  
S5_211720418 5 211720418 1.71E-05 0.09 1391 0.20 0.21 0.036 GRMZM2G049194 (TRFL6): TRF-like 6  
S5_211720418 5 211720418 1.71E-05 0.09 1391 0.20 0.21 0.036 GRMZM5G893117 (AtGRF5,GRF5): 
growth-regulating 
factor 5  
S5_211720418 5 211720418 1.71E-05 0.09 1391 0.20 0.21 0.036 GRMZM5G842517 (APG12,APG12B): 
Ubiquitin-like 
superfamily protein  
S6_58561008 6 58561008 2.97E-05 0.20 1391 0.20 0.21 0.043 GRMZM2G095252 (CPN60B,LEN1): 
chaperonin 60 beta  
S6_58561008 6 58561008 2.97E-05 0.20 1391 0.20 0.21 0.043 GRMZM2G133698 TCP-1/cpn60 
chaperonin family 
protein  
S6_74595954 6 74595954 3.51E-05 0.06 1391 0.20 0.21 0.044 GRMZM2G393272 (MAX2,ORE9,PPS): 
RNI-like superfamily 
protein  
           


















Genes within 10 Kp 
of SNP Annotation 
S6_74595954 6 74595954 3.51E-05 0.06 1391 0.20 0.21 0.044 GRMZM2G002100 (ATMAPK6,ATMPK6,
MAPK6,MPK6): MAP 
kinase 6  
S6_75619996 6 75619996 2.58E-05 0.06 1391 0.20 0.21 0.041 GRMZM2G351047 Major facilitator 
superfamily protein  




S6_75619996 6 75619996 2.58E-05 0.06 1391 0.20 0.21 0.041 GRMZM5G829897 SGNH hydrolase-
type esterase 
superfamily protein  
S6_88569038 6 88569038 1.39E-05 0.06 1391 0.20 0.21 0.036 GRMZM2G100955 DTW domain-
containing protein  
S6_88569038 6 88569038 1.39E-05 0.06 1391 0.20 0.21 0.036 GRMZM2G100976 (ATCNFU3,NFU3): 
NFU domain protein 
3 
S6_88983465 6 88983465 3.83E-06 0.38 1391 0.20 0.22 0.027 GRMZM2G139657 O-
fucosyltransferase 
family protein  
S6_130841169 6 130841169 4.93E-06 0.09 1391 0.20 0.22 0.027 GRMZM2G066341 Protein of unknown 
function (DUF581)  
S6_135656038 6 135656038 7.08E-06 0.08 1391 0.20 0.21 0.029 GRMZM2G358491 (MED33A,RFR1): 
REF4-related 1  
S6_149678163 6 149678163 3.12E-05 0.44 1391 0.20 0.21 0.044 GRMZM2G000816 Eukaryotic protein 
of unknown 
function (DUF914)  
S6_153229824 6 153229824 2.87E-05 0.47 1391 0.20 0.21 0.043 AC209257.4_FG006 Integrase-type DNA-
binding superfamily 
protein  



















Genes within 10 Kp 
of SNP Annotation 
B2;1  
           
S6_153229824 6 153229824 2.87E-05 0.47 1391 0.20 0.21 0.043 GRMZM5G869403 (ATEXO70B1,EXO70
B1): exocyst subunit 
exo70 family 
protein B1 
S6_153229824 6 153229824 2.87E-05 0.47 1391 0.20 0.21 0.043 AC209257.4_FG003 Glutaredoxin family 
protein  




S6_157755865 6 157755865 4.49E-05 0.29 1391 0.20 0.21 0.049 GRMZM2G368448 TRAF-like 
superfamily protein  
S6_157818681 6 157818681 2.36E-05 0.15 1391 0.20 0.21 0.040 GRMZM2G060324 Signal recognition 
particle, SRP54 
subunit protein  








S6_157820015 6 157820015 3.66E-05 0.19 1391 0.20 0.21 0.045 GRMZM2G060324 Signal recognition 
particle, SRP54 
subunit protein  
           
           


















Genes within 10 Kp 
of SNP Annotation 








S6_162127329 6 162127329 1.50E-05 0.07 1391 0.20 0.21 0.036 GRMZM2G174971 (APC10): anaphase 
promoting complex 
10 









S6_165135369 6 165135369 8.03E-06 0.10 1391 0.20 0.21 0.031 GRMZM2G160460 Major facilitator 
superfamily protein  
S6_165135369 6 165135369 8.03E-06 0.10 1391 0.20 0.21 0.031 GRMZM2G160504 Major facilitator 
superfamily protein  
S6_166890758 6 166890758 1.82E-05 0.43 1391 0.20 0.21 0.038 GRMZM2G159016 (scpl50): serine 
carboxypeptidase-
like 50  





















Genes within 10 Kp 
of SNP Annotation 
S6_166890758 6 166890758 1.82E-05 0.43 1391 0.20 0.21 0.038 GRMZM2G458538 O-acetyltransferase 
family protein  
S6_166890758 6 166890758 1.82E-05 0.43 1391 0.20 0.21 0.038 GRMZM2G458448 Late embryogenesis 
abundant (LEA) 
hydroxyproline-rich 
glycoprotein family  




S7_922357 7 922357 2.61E-05 0.08 1391 0.20 0.21 0.041 GRMZM2G020104 (ATGLR3.4,GLR3.4,G
LUR3): glutamate 
receptor 3.4  
S7_922495 7 922495 1.66E-06 0.07 1391 0.20 0.22 0.024 GRMZM2G020104 (ATGLR3.4,GLR3.4,G
LUR3): glutamate 
receptor 3.4  




S7_1317269 7 1317269 5.93E-06 0.45 1391 0.20 0.21 0.028 GRMZM2G555108 Transducin/WD40 
repeat-like 
superfamily protein  
S7_2747413 7 2747413 4.62E-06 0.14 1391 0.20 0.22 0.027 GRMZM5G810231 OsFBL33 - F-box 
domain and LRR 
containing protein, 
expressed  
S7_2747427 7 2747427 4.62E-06 0.14 1391 0.20 0.22 0.027 GRMZM5G810231 OsFBL33 - F-box 




















Genes within 10 Kp 
of SNP Annotation 




S7_4965889 7 4965889 1.81E-05 0.43 1391 0.20 0.21 0.038 GRMZM2G040090 D-isomer specific 2-
hydroxyacid 
dehydrogenase 
family protein  
S7_4965889 7 4965889 1.81E-05 0.43 1391 0.20 0.21 0.038 GRMZM2G039922 (HERK2): hercules 
receptor kinase 2  
S7_4965890 7 4965890 2.72E-05 0.42 1391 0.20 0.21 0.041 GRMZM2G040090 D-isomer specific 2-
hydroxyacid 
dehydrogenase 
family protein  
S7_4965890 7 4965890 2.72E-05 0.42 1391 0.20 0.21 0.041 GRMZM2G039922 (HERK2): hercules 
receptor kinase 2  
S7_46304649 7 46304649 6.37E-06 0.09 1391 0.20 0.21 0.029 GRMZM5G803610 Trimeric LpxA-like 
enzymes 
superfamily protein  
S7_46304649 7 46304649 6.37E-06 0.09 1391 0.20 0.21 0.029 GRMZM2G078424 (PNT1): 
mannosyltransferas
e family protein  
S7_46333507 7 46333507 5.69E-06 0.09 1391 0.20 0.22 0.028 GRMZM5G868168 (ATNAP11,NAP11,T
GD3): non-intrinsic 
ABC protein 11  
S7_105364725 7 105364725 1.57E-05 0.44 1391 0.20 0.21 0.036 GRMZM2G476685 (ATCYCD1;1,CYCD1;
1): CYCLIN D1;1  
S7_105364741 7 105364741 1.57E-05 0.44 1391 0.20 0.21 0.036 GRMZM2G476685 (ATCYCD1;1,CYCD1;
1): CYCLIN D1;1  
S7_106078370 7 106078370 2.26E-05 0.26 1391 0.20 0.21 0.039 GRMZM2G046600 alpha/beta-
Hydrolases 


















Genes within 10 Kp 
of SNP Annotation 
S7_118306535 7 118306535 1.94E-05 0.28 1391 0.20 0.21 0.038 GRMZM2G041175 (TET8): tetraspanin8  
S7_118306535 7 118306535 1.94E-05 0.28 1391 0.20 0.21 0.038 GRMZM2G040945 HAD-superfamily 
hydrolase, subfamily 
IG, 5\'-nucleotidase  




S7_118306577 7 118306577 2.10E-05 0.29 1391 0.20 0.21 0.039 GRMZM2G041175 (TET8): tetraspanin8  
S7_118306577 7 118306577 2.10E-05 0.29 1391 0.20 0.21 0.039 GRMZM2G040945 HAD-superfamily 
hydrolase, subfamily 
IG, 5\'-nucleotidase  




S7_118307964 7 118307964 1.51E-06 0.16 1391 0.20 0.22 0.024 GRMZM2G041175 (TET8): tetraspanin8  
S7_118307964 7 118307964 1.51E-06 0.16 1391 0.20 0.22 0.024 GRMZM2G040945 HAD-superfamily 
hydrolase, subfamily 
IG, 5\'-nucleotidase  




S7_118307966 7 118307966 1.51E-06 0.16 1391 0.20 0.22 0.024 GRMZM2G041175 (TET8): tetraspanin8  
S7_118307966 7 118307966 1.51E-06 0.16 1391 0.20 0.22 0.024 GRMZM2G040945 HAD-superfamily 
hydrolase, subfamily 
IG, 5\'-nucleotidase  
           


















Genes within 10 Kp 
of SNP Annotation 














S7_120201871 7 120201871 2.49E-05 0.18 1391 0.20 0.21 0.041 GRMZM2G138976 ARID/BRIGHT DNA-
binding domain-
containing protein  
S7_120201871 7 120201871 2.49E-05 0.18 1391 0.20 0.21 0.041 GRMZM2G138727 PROLM23 - 
Prolamin precursor, 
expressed  
S7_120201889 7 120201889 2.16E-05 0.16 1391 0.20 0.21 0.039 GRMZM2G138976 ARID/BRIGHT DNA-
binding domain-
containing protein  
S7_120201889 7 120201889 2.16E-05 0.16 1391 0.20 0.21 0.039 GRMZM2G138727 PROLM23 - 
Prolamin precursor, 
expressed  
S7_121191933 7 121191933 4.08E-05 0.32 1391 0.20 0.21 0.048 GRMZM2G168020 major ampullate 
spidroin 2, putative, 
expressed  




















Genes within 10 Kp 
of SNP Annotation 
S7_122073695 7 122073695 6.48E-07 0.31 1391 0.20 0.22 0.021 GRMZM2G050172 (AT-
RSH3,ATRSH3,RSH3)
: RELA/SPOT 
homolog 3  
S7_122073695 7 122073695 6.48E-07 0.31 1391 0.20 0.22 0.021 GRMZM2G086714 (AT-
RSH3,ATRSH3,RSH3)
: RELA/SPOT 
homolog 3  
S7_122073695 7 122073695 6.48E-07 0.31 1391 0.20 0.22 0.021 GRMZM2G388045 (ATGEX1,GEX1): 
gamete expressed 
protein 1 
S7_124568038 7 124568038 9.53E-06 0.41 1391 0.20 0.21 0.034 GRMZM2G421463 (LYM1): lysm 
domain GPI-
anchored protein 1 
precursor  
S7_154278263 7 154278263 2.75E-05 0.47 1391 0.20 0.21 0.041 GRMZM5G835323 Translation 
initiation factor SUI1 
family protein  
S7_154278263 7 154278263 2.75E-05 0.47 1391 0.20 0.21 0.041 GRMZM2G080174 (TDP1): tyrosyl-DNA 
phosphodiesterase-
related  
S7_162068990 7 162068990 7.38E-06 0.11 1391 0.20 0.21 0.030 GRMZM2G357734 (PDE226,PDS,PDS3): 
phytoene 
desaturase 3  
S7_162068990 7 162068990 7.38E-06 0.11 1391 0.20 0.21 0.030 GRMZM2G057247 (ATFH6,FH6): formin 
homolog 6  
S7_162710260 7 162710260 3.44E-06 0.32 1391 0.20 0.22 0.027 GRMZM2G008712 (ZFP7): zinc finger 
protein 7 
S7_162710260 7 162710260 3.44E-06 0.32 1391 0.20 0.22 0.027 GRMZM2G309970 (WPP2): WPP 
domain protein 2  


















Genes within 10 Kp 
of SNP Annotation 
S7_162710260 7 162710260 3.44E-06 0.32 1391 0.20 0.22 0.027 GRMZM2G008468 Got1/Sft2-like 
vescicle transport 
protein family  
S7_162711840 7 162711840 4.48E-05 0.40 1391 0.20 0.21 0.049 GRMZM2G008712 (ZFP7): zinc finger 
protein 7 
S7_162711840 7 162711840 4.48E-05 0.40 1391 0.20 0.21 0.049 GRMZM2G309970 (WPP2): WPP 
domain protein 2  
S7_162711840 7 162711840 4.48E-05 0.40 1391 0.20 0.21 0.049 GRMZM2G008468  Got1/Sft2-like 
vescicle transport 
protein family  
S7_162801789 7 162801789 2.78E-07 0.37 1391 0.20 0.22 0.014 GRMZM2G119740 Prefoldin chaperone 
subunit family 
protein  
S7_162801789 7 162801789 2.78E-07 0.37 1391 0.20 0.22 0.014 GRMZM2G119705 ribosome 
inactivating protein, 
putative, expressed  
S7_176480402 7 176480402 2.26E-05 0.21 1391 0.20 0.21 0.039 AC197544.3_FG002 (ULP1B): UB-like 
protease 1B  
S8_17889029 8 17889029 2.42E-06 0.27 1391 0.20 0.22 0.024 GRMZM2G080521 alpha/beta-
Hydrolases 
superfamily protein  
S8_17889039 8 17889039 1.28E-06 0.24 1391 0.20 0.22 0.023 GRMZM2G080521 alpha/beta-
Hydrolases 
superfamily protein  
S8_18215458 8 18215458 6.48E-06 0.23 1391 0.20 0.21 0.029 GRMZM2G107696 (ATUBP14,PER1,TTN
6,UBP14): ubiquitin-
specific protease 14  
S8_18215760 8 18215760 8.56E-06 0.31 1391 0.20 0.21 0.031 GRMZM2G107696 (ATUBP14,PER1,TTN
6,UBP14): ubiquitin-
specific protease 14  


















Genes within 10 Kp 
of SNP Annotation 
S8_18349921 8 18349921 2.33E-05 0.10 1391 0.20 0.21 0.040 GRMZM2G144464 Eukaryotic aspartyl 
protease family 
protein  
S8_18349921 8 18349921 2.33E-05 0.10 1391 0.20 0.21 0.040 GRMZM2G570006 (RUXF): small 
nuclear 
ribonucleoprotein F  
S8_18967101 8 18967101 2.15E-05 0.07 1391 0.20 0.21 0.039 GRMZM2G047949 (HEN2): RNA 
helicase, ATP-
dependent, 
SK12/DOB1 protein  
S8_18967107 8 18967107 2.15E-05 0.07 1391 0.20 0.21 0.039 GRMZM2G047949 (HEN2): RNA 
helicase, ATP-
dependent, 
SK12/DOB1 protein  
S8_19122007 8 19122007 4.51E-05 0.05 1391 0.20 0.21 0.049 GRMZM2G125020 DUF581 domain 
containing protein, 
expressed  




S8_19968068 8 19968068 1.27E-05 0.06 1391 0.20 0.21 0.036 GRMZM2G095255 RING/U-box 
superfamily protein  
S8_19968068 8 19968068 1.27E-05 0.06 1391 0.20 0.21 0.036 GRMZM2G095265 (SAG12): 
senescence-
associated gene 12  
S8_20091529 8 20091529 2.58E-05 0.22 1391 0.20 0.21 0.041 GRMZM2G395749 (ALY3,ATALY3): DNA 
binding 
S8_22510436 8 22510436 1.23E-06 0.05 1391 0.20 0.22 0.023 GRMZM2G309568 zinc ion binding 
           


















Genes within 10 Kp 
of SNP Annotation 
S8_22510436 8 22510436 1.23E-06 0.05 1391 0.20 0.22 0.023 GRMZM2G009475 avr9/Cf-9 rapidly 
elicited protein 146, 
putative, expressed  
S8_26870236 8 26870236 1.87E-05 0.08 1391 0.20 0.21 0.038 GRMZM2G429057 Pyridoxal phosphate 
(PLP)-dependent 
transferases 
superfamily protein  
S8_26870236 8 26870236 1.87E-05 0.08 1391 0.20 0.21 0.038 GRMZM2G127650 S-locus lectin 
protein kinase 
family protein  
S8_26870236 8 26870236 1.87E-05 0.08 1391 0.20 0.21 0.038 GRMZM2G127687 Leucine-rich repeat 
protein kinase 
family protein  
S8_66288692 8 66288692 2.94E-05 0.24 1391 0.20 0.21 0.043 GRMZM2G477340 phosphatidyl serine 
synthase family 
protein  
S8_76982738 8 76982738 1.36E-05 0.07 1391 0.20 0.21 0.036 AC233854.1_FG002 (BCS1): cytochrome 
BC1 synthesis  
S8_76982738 8 76982738 1.36E-05 0.07 1391 0.20 0.21 0.036 GRMZM5G884544 Homeodomain-like 
superfamily protein  




S8_104463909 8 104463909 4.54E-06 0.06 1391 0.20 0.22 0.027 GRMZM2G347471 xylose isomerase 
family protein  
S8_104463909 8 104463909 4.54E-06 0.06 1391 0.20 0.22 0.027 AC203955.3_FG005 DUF1517 domain 
containing protein, 
putative, expressed  
S8_113504730 8 113504730 1.04E-05 0.07 1391 0.20 0.21 0.034 GRMZM2G170552 (CIPK10,PKS2,SIP1,S
NRK3.8): SOS3-


















Genes within 10 Kp 
of SNP Annotation 
S8_121895690 8 121895690 3.11E-05 0.48 1391 0.20 0.21 0.044 GRMZM2G384755 (ARK3,RK3): 
receptor kinase 3  
S8_121895690 8 121895690 3.11E-05 0.48 1391 0.20 0.21 0.044 GRMZM2G082792 (FQR1): flavodoxin-
like quinone 
reductase 1  




with CH (Calponin 
Homology) domain  
S8_124490717 8 124490717 1.62E-05 0.05 1391 0.20 0.21 0.036 GRMZM2G173710 (AHP4): HPT 
phosphotransmitter 
4 
S8_132204020 8 132204020 1.03E-06 0.10 1391 0.20 0.22 0.023 GRMZM2G474726 (ATTERC,PDE149): 
integral membrane 
TerC family protein  





S8_137974581 8 137974581 4.80E-06 0.06 1391 0.20 0.22 0.027 GRMZM2G081653 rossmann fold 
nucleotide-binding 
protein involved in 
DNA uptake, 
putative, expressed  
S8_140699649 8 140699649 1.84E-05 0.14 1391 0.20 0.21 0.038 GRMZM2G407949 (ALDH1A,ALDH2C4,
REF1): aldehyde 
dehydrogenase 2C4  



















Genes within 10 Kp 
of SNP Annotation 
S8_145846703 8 145846703 2.64E-05 0.13 1391 0.20 0.21 0.041 GRMZM2G131315 (scpl50): serine 
carboxypeptidase-
like 50  
S8_145846703 8 145846703 2.64E-05 0.13 1391 0.20 0.21 0.041 GRMZM2G131334 (ATMPK20,MPK20): 
MAP kinase 20  
S8_148898590 8 148898590 6.82E-06 0.10 1391 0.20 0.21 0.029 GRMZM2G002297 Magnesium 
transporter CorA-
like family protein  
S8_148905557 8 148905557 3.18E-05 0.19 1391 0.20 0.21 0.044 GRMZM2G002297 Magnesium 
transporter CorA-
like family protein  
S8_148905809 8 148905809 3.04E-05 0.18 1391 0.20 0.21 0.043 GRMZM2G002297 Magnesium 
transporter CorA-
like family protein  
S8_149078078 8 149078078 2.93E-05 0.14 1391 0.20 0.21 0.043 GRMZM5G812272 (ATWRKY71,WRKY7
1): WRKY DNA-
binding protein 71  







superfamily protein  
           
           
           
           


















Genes within 10 Kp 
of SNP Annotation 













S8_155968563 8 155968563 3.05E-05 0.33 1391 0.20 0.21 0.043 GRMZM2G144707 (HVA22F): HVA22-
like protein F 
S8_155968563 8 155968563 3.05E-05 0.33 1391 0.20 0.21 0.043 GRMZM2G444819 DUF584 domain 
containing protein, 
putative, expressed 





S8_155968602 8 155968602 5.31E-06 0.35 1391 0.20 0.22 0.028 GRMZM2G144707 (HVA22F): HVA22-
like protein F  
S8_155968602 8 155968602 5.31E-06 0.35 1391 0.20 0.22 0.028 GRMZM2G444819 DUF584 domain 
containing protein, 
putative, expressed  
           
           


















Genes within 10 Kp 
of SNP Annotation 





S8_155975151 8 155975151 9.81E-06 0.05 1391 0.20 0.21 0.034 GRMZM2G144707 (HVA22F): HVA22-
like protein F  
S8_155975151 8 155975151 9.81E-06 0.05 1391 0.20 0.21 0.034 GRMZM2G444819 (AtS40-3): AtS40-3  
S8_155975151 8 155975151 9.81E-06 0.05 1391 0.20 0.21 0.034 GRMZM2G144701 HVA22, putative, 
expressed 
S8_157964577 8 157964577 7.70E-06 0.05 1391 0.20 0.21 0.030 GRMZM2G016827 MEMO1, putative, 
expressed 
S8_157964577 8 157964577 7.70E-06 0.05 1391 0.20 0.21 0.030 GRMZM2G319187 (ARR9,ATRR4): 
response regulator 
9 
S8_159901017 8 159901017 2.42E-06 0.44 1391 0.20 0.22 0.024 GRMZM2G302074 (CYP89A6): 
cytochrome P450, 
family 87, subfamily 
A, polypeptide 6  
S8_159901017 8 159901017 2.42E-06 0.44 1391 0.20 0.22 0.024 GRMZM2G002315 (AAO3,AOdelta,At-
AO3,AtAAO3): 
abscisic aldehyde 
oxidase 3  
S8_159901017 8 159901017 2.42E-06 0.44 1391 0.20 0.22 0.024 GRMZM2G002147 ARM repeat 
superfamily protein  
S8_159901017 8 159901017 2.42E-06 0.44 1391 0.20 0.22 0.024 GRMZM2G002304 NAD(P)-binding 
Rossmann-fold 
superfamily protein  
           
           


















Genes within 10 Kp 
of SNP Annotation 
S8_159901017 8 159901017 2.42E-06 0.44 1391 0.20 0.22 0.024 GRMZM2G302045 heparan-alpha-
glucosaminide N-
acetyltransferase, 
putative, expressed  
S8_171407343 8 171407343 1.19E-06 0.09 1391 0.20 0.22 0.023 GRMZM2G310115 plectin-related  
S8_171407343 8 171407343 1.19E-06 0.09 1391 0.20 0.22 0.023 GRMZM2G012160 (ATCYS6,ATCYSB,CY
SB): cystatin B  
S8_174324099 8 174324099 3.36E-05 0.07 1391 0.20 0.21 0.044 GRMZM2G470499 (ATPERK1,PERK1): 
proline extensin-like 
receptor kinase 1  




superfamily protein  




superfamily protein  
S9_6066603 9 6066603 1.09E-05 0.25 1391 0.20 0.21 0.034 GRMZM2G019291 TLD-domain 
containing nucleolar 
protein  
S9_6066607 9 6066607 1.09E-05 0.25 1391 0.20 0.21 0.034 GRMZM2G019291 TLD-domain 
containing nucleolar 
protein  
S9_18880032 9 18880032 3.40E-05 0.06 1391 0.20 0.21 0.044 GRMZM2G405203 (MAX2,ORE9,PPS): 
RNI-like superfamily 
protein  
           


















Genes within 10 Kp 
of SNP Annotation 





superfamily protein  
S9_18880032 9 18880032 3.40E-05 0.06 1391 0.20 0.21 0.044 GRMZM2G103137 Hydrolase-like 
protein family  
S9_18880032 9 18880032 3.40E-05 0.06 1391 0.20 0.21 0.044 GRMZM2G020216 (ATMAPK6,ATMPK6,
MAPK6,MPK6): MAP 
kinase 6  
S9_19287636 9 19287636 2.66E-05 0.05 1391 0.20 0.21 0.041 GRMZM2G005522 HXXXD-type acyl-
transferase family 
protein  
S9_19287636 9 19287636 2.66E-05 0.05 1391 0.20 0.21 0.041 GRMZM2G005339 SNARE-like 
superfamily protein  
S9_19287636 9 19287636 2.66E-05 0.05 1391 0.20 0.21 0.041 GRMZM2G005461 (UBQ9): ubiquitin 9  




S9_20461787 9 20461787 6.84E-06 0.05 1391 0.20 0.21 0.029 GRMZM2G173628 (FSD3): Fe 
superoxide 
dismutase 3  
S9_20461787 9 20461787 6.84E-06 0.05 1391 0.20 0.21 0.029 GRMZM2G173693 (ATSRL1): PRP38 
family protein  






















Genes within 10 Kp 
of SNP Annotation 
S9_88796128 9 88796128 2.17E-06 0.06 1391 0.20 0.22 0.024 GRMZM2G019872 Zinc-binding 
dehydrogenase 
family protein  
S9_103176004 9 103176004 1.95E-05 0.09 1391 0.20 0.21 0.038 GRMZM2G135300 (TAF5): TBP-
associated factor 5  
S9_103176004 9 103176004 1.95E-05 0.09 1391 0.20 0.21 0.038 AC210199.4_FG003 (TAF5): TBP-
associated factor 5  
S9_103176741 9 103176741 2.68E-05 0.11 1391 0.20 0.21 0.041 AC210199.4_FG003 (TAF5): TBP-
associated factor 5  
S9_103176741 9 103176741 2.68E-05 0.11 1391 0.20 0.21 0.041 GRMZM2G135300 (TAF5): TBP-
associated factor 5  
S9_103176766 9 103176766 2.68E-05 0.11 1391 0.20 0.21 0.041 AC210199.4_FG003 (TAF5): TBP-
associated factor 5  
S9_103176766 9 103176766 2.68E-05 0.11 1391 0.20 0.21 0.041 GRMZM2G135300 (TAF5): TBP-
associated factor 5  
S9_126935906 9 126935906 1.65E-05 0.31 1391 0.20 0.21 0.036 GRMZM5G806784 SNARE associated 
Golgi protein family  
S9_126935906 9 126935906 1.65E-05 0.31 1391 0.20 0.21 0.036 GRMZM5G880028 calmodulin-binding 
family protein  
S9_126936056 9 126936056 4.49E-05 0.06 1391 0.20 0.21 0.049 GRMZM5G806784 SNARE associated 
Golgi protein family  
S9_126936056 9 126936056 4.49E-05 0.06 1391 0.20 0.21 0.049 GRMZM5G880028 calmodulin-binding 
family protein  
S9_145060462 9 145060462 3.44E-05 0.09 1391 0.20 0.21 0.044 GRMZM2G152919 ARM repeat 
superfamily protein  
S9_146069298 9 146069298 1.09E-06 0.07 1391 0.20 0.22 0.023 GRMZM2G152919 ARM repeat 
superfamily protein  






















Genes within 10 Kp 
of SNP Annotation 
S10_2032257 10 2032257 5.78E-06 0.10 1391 0.20 0.22 0.028 GRMZM2G180150 (GRL,NAP1,NAPP): 
transcription 
activators  
S10_2032257 10 2032257 5.78E-06 0.10 1391 0.20 0.22 0.028 GRMZM2G180205 Transducin/WD40 
repeat-like 
superfamily protein  
S10_2032257 10 2032257 5.78E-06 0.10 1391 0.20 0.22 0.028 GRMZM2G180166 Ubiquitin carboxyl-
terminal hydrolase 
family protein  




S10_2039204 10 2039204 2.22E-06 0.15 1391 0.20 0.22 0.024 GRMZM2G180150 (GRL,NAP1,NAPP): 
transcription 
activators  






S10_2039204 10 2039204 2.22E-06 0.15 1391 0.20 0.22 0.024 GRMZM2G180205 Transducin/WD40 
repeat-like 
superfamily protein  
S10_2039204 10 2039204 2.22E-06 0.15 1391 0.20 0.22 0.024 GRMZM2G180166 Ubiquitin carboxyl-
terminal hydrolase 
family protein  
S10_2466445 10 2466445 3.95E-05 0.09 1391 0.20 0.21 0.047 AC197146.3_FG002 ATMYB30,MYB30): 



















Genes within 10 Kp 
of SNP Annotation 





S10_4021401 10 4021401 1.92E-05 0.07 1391 0.20 0.21 0.038 GRMZM2G473138 (ATXR7,SDG25): SET 
domain protein 25  
S10_4021401 10 4021401 1.92E-05 0.07 1391 0.20 0.21 0.038 GRMZM2G441029 zinc finger (C3HC4-
type RING finger) 
family protein  
S10_4021432 10 4021432 1.92E-05 0.07 1391 0.20 0.21 0.038 GRMZM2G473138 (ATXR7,SDG25): SET 
domain protein 25  
S10_4021432 10 4021432 1.92E-05 0.07 1391 0.20 0.21 0.038 GRMZM2G441029 zinc finger (C3HC4-
type RING finger) 
family protein  
S10_4021458 10 4021458 1.92E-05 0.07 1391 0.20 0.21 0.038 GRMZM2G473138 (ATXR7,SDG25): SET 
domain protein 25  
S10_4021458 10 4021458 1.92E-05 0.07 1391 0.20 0.21 0.038 GRMZM2G441029 zinc finger (C3HC4-
type RING finger) 
family protein  
S10_10829311 10 10829311 1.84E-05 0.47 1391 0.20 0.21 0.038 GRMZM5G803992 (NRPB10,NRPD10,N
RPE10): RNA 
polymerases N / 8 
kDa subunit  




like domain  
S10_14910839 10 14910839 2.93E-05 0.09 1391 0.20 0.21 0.043 GRMZM2G027522 (TPD1): tapetum 


















Genes within 10 Kp 
of SNP Annotation 




S10_74902428 10 74902428 1.53E-05 0.05 1391 0.20 0.21 0.036 GRMZM2G165757 (ABCG14): ATP-
binding cassette 14  
S10_74902428 10 74902428 1.53E-05 0.05 1391 0.20 0.21 0.036 GRMZM2G165775  transposon protein, 
putative, Pong sub-
class, expressed  
S10_74902436 10 74902436 4.03E-05 0.07 1391 0.20 0.21 0.048 GRMZM2G165757 (ABCG14): ATP-
binding cassette 14  
S10_74902436 10 74902436 4.03E-05 0.07 1391 0.20 0.21 0.048 GRMZM2G165775  transposon protein, 
putative, Pong sub-
class, expressed  
S10_75666498 10 75666498 2.08E-05 0.09 1391 0.20 0.21 0.039 GRMZM2G369260 (POLD4): 
polymerase delta 4  
S10_75666498 10 75666498 2.08E-05 0.09 1391 0.20 0.21 0.039 GRMZM2G055125 Mob1/phocein 
family protein  





superfamily protein  
S10_117565741 10 117565741 3.30E-05 0.09 1391 0.20 0.21 0.044 GRMZM2G072513 Protein of unknown 
function (DUF668) 
S10_117565741 10 117565741 3.30E-05 0.09 1391 0.20 0.21 0.044 GRMZM2G072337 Methylthiotransfera
se  
           
           


















Genes within 10 Kp 
of SNP Annotation 
S10_117565741 10 117565741 3.30E-05 0.09 1391 0.20 0.21 0.044 GRMZM2G072322 late embryogenesis 
abundant domain-
containing protein / 
LEA domain-
containing protein  
S10_117565741 10 117565741 3.30E-05 0.09 1391 0.20 0.21 0.044 GRMZM2G072174 Photosystem II 
reaction center PsbP 
family protein  





S10_121747137 10 121747137 1.62E-05 0.09 1391 0.20 0.21 0.036 GRMZM5G889705 (LIP1): lipoic acid 
synthase 1  





subfamily B19  
S10_133420139 10 133420139 1.48E-05 0.08 1391 0.20 0.21 0.036 GRMZM2G065176 SH3 domain-
containing protein  
S10_133420141 10 133420141 1.48E-05 0.08 1391 0.20 0.21 0.036 GRMZM2G065176 SH3 domain-
containing protein  
S10_134498587 10 134498587 1.48E-06 0.06 1391 0.20 0.22 0.024 GRMZM2G063972 DNAJ heat shock N-
terminal domain-
containing protein  




















Genes within 10 Kp 
of SNP Annotation 
S10_136834080 10 136834080 2.85E-05 0.07 1391 0.20 0.21 0.042 GRMZM2G702529 (CYP87A2): 
cytochrome P450, 
family 87, subfamily 
A, polypeptide 2  
S10_136834081 10 136834081 2.42E-06 0.06 1391 0.20 0.22 0.024 GRMZM2G702529 1(CYP87A2): 
cytochrome P450, 
family 87, subfamily 
A, polypeptide 2  
S10_136834102 10 136834102 3.27E-06 0.06 1391 0.20 0.22 0.027 GRMZM2G702529 (CYP87A2): 
cytochrome P450, 
family 87, subfamily 
A, polypeptide 2  
S10_136876614 10 136876614 7.64E-06 0.44 1391 0.20 0.21 0.030 GRMZM5G845601 (IQD22): IQ-domain 
22 
S10_147212427 10 147212427 3.61E-05 0.05 1391 0.20 0.21 0.045 GRMZM2G033375 (UCH3): ubiquitin C-
terminal hydrolase 3  
S10_147212427 10 147212427 3.61E-05 0.05 1391 0.20 0.21 0.045 GRMZM2G125083 Phospholipid/glycer
ol acyltransferase 
family protein  
S10_147212427 10 147212427 3.61E-05 0.05 1391 0.20 0.21 0.045 GRMZM5G814035 Phospholipid/glycer
ol acyltransferase 
family protein  
S10_147212427 10 147212427 3.61E-05 0.05 1391 0.20 0.21 0.045 GRMZM2G033388 Ribosomal protein 
L7Ae/L30e/S12e/Ga
dd45 family protein  
S10_147212427 10 147212427 3.61E-05 0.05 1391 0.20 0.21 0.045 GRMZM2G423861 (KCBP,PKCBP,ZWI): 
kinesin-like 
calmodulin-binding 
protein (ZWICHEL)  
S10_147212429 10 147212429 3.61E-05 0.05 1391 0.20 0.21 0.045 GRMZM2G033375 (UCH3): ubiquitin C-


















Genes within 10 Kp 
of SNP Annotation 
S10_147212429 10 147212429 3.61E-05 0.05 1391 0.20 0.21 0.045 GRMZM2G125083 Phospholipid/glycer
ol acyltransferase 
family protein  
S10_147212429 10 147212429 3.61E-05 0.05 1391 0.20 0.21 0.045 GRMZM5G814035 Phospholipid/glycer
ol acyltransferase 
family protein  
S10_147212429 10 147212429 3.61E-05 0.05 1391 0.20 0.21 0.045 GRMZM2G033388 Ribosomal protein 
L7Ae/L30e/S12e/Ga
dd45 family protein  
S10_147212429 10 147212429 3.61E-05 0.05 1391 0.20 0.21 0.045 GRMZM2G423861 (KCBP,PKCBP,ZWI): 
kinesin-like 
calmodulin-binding 
protein (ZWICHEL)  
S10_147401517 10 147401517 2.43E-05 0.05 1391 0.20 0.21 0.041 GRMZM2G464137 (ATMTK,MTK): S-
methyl-5-thioribose 
kinase  
S10_147401517 10 147401517 2.43E-05 0.05 1391 0.20 0.21 0.041 GRMZM2G164563 Pentatricopeptide 
repeat (PPR) 
superfamily protein  
S10_147401517 10 147401517 2.43E-05 0.05 1391 0.20 0.21 0.041 GRMZM2G565856 (GAUT1,LGT1): 
galacturonosyltransf
erase 1  
S10_147401517 10 147401517 2.43E-05 0.05 1391 0.20 0.21 0.041 GRMZM2G464157 (SOBER1): 
carboxylesterases  
S10_147401519 10 147401519 2.43E-05 0.05 1391 0.20 0.21 0.041 GRMZM2G464137 (ATMTK,MTK): S-
methyl-5-thioribose 
kinase  
S10_147401519 10 147401519 2.43E-05 0.05 1391 0.20 0.21 0.041 GRMZM2G164563 Pentatricopeptide 
repeat (PPR) 
superfamily protein  


















Genes within 10 Kp 
of SNP Annotation 
S10_147401519 10 147401519 2.43E-05 0.05 1391 0.20 0.21 0.041 GRMZM2G565856 (GAUT1,LGT1): 
galacturonosyltransf
erase 1  









D-6 Trait VTR4H Candidate Genes 













Genes within 6800 
Bp of SNP Annotation 
S1_5246908 1 5246908 1.12E-05 0.10 1391 0.09 0.10 0.026 GRMZM2G165422 Protein kinase superfamily 
protein  
S1_6199066 1 6199066 1.90E-05 0.12 1391 0.09 0.10 0.029 GRMZM2G032852 (ATCDPK3,ATCPK6,CPK6): 
Calcium-dependent protein 
kinase family protein  
S1_6201133 1 6201133 8.26E-05 0.09 1391 0.09 0.10 0.046 GRMZM2G032852 (ATCDPK3,ATCPK6,CPK6): 
Calcium-dependent protein 
kinase family protein  
S1_6201134 1 6201134 1.85E-05 0.09 1391 0.09 0.10 0.029 GRMZM2G032852 (ATCDPK3,ATCPK6,CPK6): 
Calcium-dependent protein 
kinase family protein  
S1_6201158 1 6201158 4.50E-05 0.10 1391 0.09 0.10 0.037 GRMZM2G032852 (ATCDPK3,ATCPK6,CPK6): 
Calcium-dependent protein 
kinase family protein  
S1_7080149 1 7080149 4.16E-05 0.09 1391 0.09 0.10 0.036 GRMZM2G109566 Protein kinase superfamily 
protein  
S1_7080149 1 7080149 4.16E-05 0.09 1391 0.09 0.10 0.036 GRMZM2G109509 Plant regulator RWP-RK 
family protein  
S1_7080149 1 7080149 4.16E-05 0.09 1391 0.09 0.10 0.036 GRMZM2G409997 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S1_7080149 1 7080149 4.16E-05 0.09 1391 0.09 0.10 0.036 GRMZM2G409976 Protein kinase superfamily 
protein  
S1_7091354 1 7091354 3.15E-05 0.14 1391 0.09 0.10 0.033 GRMZM2G109509 Plant regulator RWP-RK 
family protein  
S1_7091354 1 7091354 3.15E-05 0.14 1391 0.09 0.10 0.033 GRMZM2G409976 Protein kinase superfamily 
protein  





















Genes within 6800 
Bp of SNP Annotation 
S1_11991432 1 11991432 8.99E-05 0.39 1391 0.09 0.10 0.048 GRMZM2G027821 (MCA1): PLAC8 family 
protein  
S1_11991432 1 11991432 8.99E-05 0.39 1391 0.09 0.10 0.048 GRMZM5G813886 ABC-2 type transporter 
family protein  
S1_12165394 1 12165394 8.89E-06 0.43 1391 0.09 0.10 0.024 GRMZM2G076062 (ECT2): evolutionarily 
conserved C-terminal 
region 2  
S1_12165405 1 12165405 3.32E-05 0.42 1391 0.09 0.10 0.034 GRMZM2G076062 (ECT2): evolutionarily 
conserved C-terminal 
region 2  
S1_16356432 1 16356432 4.03E-05 0.06 1391 0.09 0.10 0.035 GRMZM2G064732 (ATGPA1,GP ALPHA 
1,GPA1): G protein alpha 
subunit 1  
S1_16356432 1 16356432 4.03E-05 0.06 1391 0.09 0.10 0.035 GRMZM2G064663 (ATYLMG2,YLMG2): YGGT 
family protein  
S1_24743247 1 24743247 4.28E-05 0.07 1391 0.09 0.10 0.037 GRMZM2G331652 Aminotransferase-like, 
plant mobile domain family 
protein  
S1_24743247 1 24743247 4.28E-05 0.07 1391 0.09 0.10 0.037 GRMZM2G331638 Auxin-responsive family 
protein  
S1_28641355 1 28641355 1.15E-05 0.27 1391 0.09 0.10 0.026 GRMZM2G344416 (SDS): Cyclin family protein  
S1_28641355 1 28641355 1.15E-05 0.27 1391 0.09 0.10 0.026 GRMZM2G040828 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S1_28641394 1 28641394 2.31E-05 0.24 1391 0.09 0.10 0.032 GRMZM2G344416 (SDS): Cyclin family protein  
S1_28641394 1 28641394 2.31E-05 0.24 1391 0.09 0.10 0.032 GRMZM2G040828 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
           





















Genes within 6800 
Bp of SNP Annotation 
S1_28796566 1 28796566 6.61E-05 0.45 1391 0.09 0.10 0.043 GRMZM2G103579  conserved oligomeric 
complex COG6 family 
protein, expressed  
S1_28798077 1 28798077 2.91E-05 0.46 1391 0.09 0.10 0.033 GRMZM2G103579 conserved oligomeric 
complex COG6 family 
protein, expressed  
S1_29403083 1 29403083 1.44E-05 0.13 1391 0.09 0.10 0.028 GRMZM2G091456 (SQE1,XF1): FAD/NAD(P)-
binding oxidoreductase 
family protein  
S1_42520440 1 42520440 1.54E-05 0.17 1391 0.09 0.10 0.028 GRMZM2G042107 Ankyrin repeat family 
protein  
S1_42520440 1 42520440 1.54E-05 0.17 1391 0.09 0.10 0.028 GRMZM2G338333 (ITN1): Ankyrin repeat 
family protein  
S1_42520476 1 42520476 1.54E-05 0.17 1391 0.09 0.10 0.028 GRMZM2G042107 Ankyrin repeat family 
protein  
S1_42520476 1 42520476 1.54E-05 0.17 1391 0.09 0.10 0.028 GRMZM2G338333 (ITN1): Ankyrin repeat 
family protein  
S1_42520536 1 42520536 6.28E-05 0.18 1391 0.09 0.10 0.042 GRMZM2G042107 Ankyrin repeat family 
protein  
S1_42520536 1 42520536 6.28E-05 0.18 1391 0.09 0.10 0.042 GRMZM2G338333 AT3G12360.1(ITN1): 
Ankyrin repeat family 
protein  




S1_45513765 1 45513765 6.38E-05 0.30 1391 0.09 0.10 0.042 GRMZM2G087161 (APTX): APRATAXIN-like  
S1_74276118 1 74276118 8.35E-05 0.18 1391 0.09 0.10 0.047 GRMZM2G036543 (APG10,HISN3): Aldolase-






















Genes within 6800 
Bp of SNP Annotation 
S1_75145014 1 75145014 1.86E-05 0.19 1391 0.09 0.10 0.029 GRMZM2G043141 Protein of unknown 
function (DUF1336)  
S1_75145015 1 75145015 1.86E-05 0.19 1391 0.09 0.10 0.029 GRMZM2G043141 Protein of unknown 
function (DUF1336)  




subclass, expressed  
S1_77564107 1 77564107 5.47E-05 0.36 1391 0.09 0.10 0.040 GRMZM2G028914 (MSL2): MSCS-like 2  
S1_80952759 1 80952759 5.31E-05 0.08 1391 0.09 0.10 0.039 GRMZM2G133968 DNA binding  
S1_80952759 1 80952759 5.31E-05 0.08 1391 0.09 0.10 0.039 GRMZM2G434514 peptidoglycan-binding LysM 
domain-containing protein  
S1_162463291 1 162463291 2.69E-05 0.47 1391 0.09 0.10 0.033 GRMZM2G476637 (NPY2): Phototropic-
responsive NPH3 family 
protein  
S1_174284218 1 174284218 5.68E-05 0.46 1391 0.09 0.10 0.040 GRMZM2G118646 (DEG5,DEGP5,HHOA): DEGP 
protease 5  
S1_180398780 1 180398780 1.19E-06 0.38 1391 0.09 0.10 0.010 GRMZM2G085474 Thiolase family protein  
S1_180398780 1 180398780 1.19E-06 0.38 1391 0.09 0.10 0.010 GRMZM2G085411 Major facilitator 
superfamily protein  
S1_180607582 1 180607582 1.37E-05 0.21 1391 0.09 0.10 0.027 GRMZM2G108135 Thioesterase superfamily 
protein  
S1_180607582 1 180607582 1.37E-05 0.21 1391 0.09 0.10 0.027 GRMZM5G893912 (AATP1): AAA-ATPase 1  
S1_180608940 1 180608940 1.28E-05 0.18 1391 0.09 0.10 0.027 GRMZM2G108135 Thioesterase superfamily 
protein  
S1_180608940 1 180608940 1.28E-05 0.18 1391 0.09 0.10 0.027 GRMZM5G893912 (AATP1): AAA-ATPase 1  
S1_180608961 1 180608961 1.28E-05 0.18 1391 0.09 0.10 0.027 GRMZM2G108135 Thioesterase superfamily 
protein  
S1_180608961 1 180608961 1.28E-05 0.18 1391 0.09 0.10 0.027 GRMZM5G893912 (AATP1): AAA-ATPase 1  





















Genes within 6800 
Bp of SNP Annotation 
S1_180610086 1 180610086 4.46E-06 0.22 1391 0.09 0.10 0.016 GRMZM2G108135 Thioesterase superfamily 
protein  
S1_180610086 1 180610086 4.46E-06 0.22 1391 0.09 0.10 0.016 GRMZM5G893912 (AATP1): AAA-ATPase 1  
S1_195560594 1 195560594 2.75E-05 0.26 1391 0.09 0.10 0.033 GRMZM2G159996 B-box type zinc finger 
protein with CCT domain  
S1_196212859 1 196212859 1.83E-05 0.23 1391 0.09 0.10 0.029 GRMZM2G053117 (ATPSAT1,PSAT1): 
phospholipid sterol acyl 
transferase 1  
S1_196212859 1 196212859 1.83E-05 0.23 1391 0.09 0.10 0.029 GRMZM2G053231 (SPDS1): spermidine 
synthase 1  
S1_196212859 1 196212859 1.83E-05 0.23 1391 0.09 0.10 0.029 GRMZM2G053027 (RFI2): RING/U-box 
superfamily protein  
S1_197269767 1 197269767 7.07E-05 0.31 1391 0.09 0.10 0.044 GRMZM2G175423 GroES-like zinc-binding 
alcohol dehydrogenase 
family protein  
S1_197269767 1 197269767 7.07E-05 0.31 1391 0.09 0.10 0.044 GRMZM2G175856 (CBF4,DREB1D): C-repeat-
binding factor 4 
S1_202298027 1 202298027 8.61E-05 0.21 1391 0.09 0.10 0.047 GRMZM2G315375 (ABCB1,ATPGP1,PGP1): ATP 
binding cassette subfamily 
B1  
S1_202298027 1 202298027 8.61E-05 0.21 1391 0.09 0.10 0.047 GRMZM2G491632 zinc finger (C2H2 type) 
family protein  
S1_206903638 1 206903638 7.59E-05 0.15 1391 0.09 0.10 0.046 GRMZM2G063883 (SDG22,SET22,SUVH9): 
SU(VAR)3-9 homolog 9  
S1_215898320 1 215898320 1.34E-05 0.22 1391 0.09 0.10 0.027 GRMZM2G101000 DNAse I-like superfamily 
protein  
S1_216581239 1 216581239 1.95E-05 0.16 1391 0.09 0.10 0.030 GRMZM2G325026 (ATCB5LP,B5 #5,CB5LP): 
cytochrome B5-like protein  
           





















Genes within 6800 
Bp of SNP Annotation 
S1_216581239 1 216581239 1.95E-05 0.16 1391 0.09 0.10 0.030 GRMZM2G324999 (AtWRKY41,WRKY41): 
WRKY family transcription 
factor  
S1_225871338 1 225871338 3.29E-05 0.34 1391 0.09 0.10 0.034 GRMZM2G129135 (TET10): tetraspanin10  
S1_225871338 1 225871338 3.29E-05 0.34 1391 0.09 0.10 0.034 GRMZM2G129007 (ATRH8,RH8): RNAhelicase-
like 8  
S1_225871338 1 225871338 3.29E-05 0.34 1391 0.09 0.10 0.034 GRMZM2G129266 HXXXD-type acyl-
transferase family protein  
S1_245032439 1 245032439 6.99E-07 0.14 1391 0.09 0.10 0.010 GRMZM2G174549 (ATPAP18,PAP18): purple 
acid phosphatase 18  
S1_245032439 1 245032439 6.99E-07 0.14 1391 0.09 0.10 0.010 GRMZM2G472403 histone-lysine N-
methyltransferases  
S1_245032439 1 245032439 6.99E-07 0.14 1391 0.09 0.10 0.010 GRMZM2G174574 AMP-dependent synthetase 
and ligase family protein  
S1_245697841 1 245697841 6.97E-08 0.20 1391 0.09 0.11 0.002 GRMZM2G455817 (ATHAK5,HAK5): high 
affinity K+ transporter 5  
S1_245697867 1 245697867 8.91E-06 0.18 1391 0.09 0.10 0.024 GRMZM2G455817 (ATHAK5,HAK5): high 
affinity K+ transporter 5  
S1_267867095 1 267867095 5.61E-05 0.32 1391 0.09 0.10 0.040 GRMZM2G022859 (MMZ1,UEV1A): MMS ZWEI 
homologue 1  
S1_267867095 1 267867095 5.61E-05 0.32 1391 0.09 0.10 0.040 GRMZM2G023110 (RKL1): receptor-like kinase  
S1_271902568 1 271902568 4.40E-05 0.15 1391 0.09 0.10 0.037 GRMZM2G141472 OsFBX109 - F-box domain 
containing protein, 
expressed  
S1_271902570 1 271902570 2.94E-05 0.15 1391 0.09 0.10 0.033 GRMZM2G141472 OsFBX109 - F-box domain 
containing protein, 
expressed  























Genes within 6800 
Bp of SNP Annotation 
S1_271902573 1 271902573 4.40E-05 0.15 1391 0.09 0.10 0.037 GRMZM2G141472 OsFBX109 - F-box domain 
containing protein, 
expressed  
S1_271902574 1 271902574 2.02E-05 0.15 1391 0.09 0.10 0.030 GRMZM2G141472 OsFBX109 - F-box domain 
containing protein, 
expressed  
S1_271902576 1 271902576 4.40E-05 0.15 1391 0.09 0.10 0.037 GRMZM2G141472 OsFBX109 - F-box domain 
containing protein, 
expressed  
S1_271902577 1 271902577 4.83E-05 0.15 1391 0.09 0.10 0.038 GRMZM2G141472 OsFBX109 - F-box domain 
containing protein, 
expressed  
S1_271902578 1 271902578 4.40E-05 0.15 1391 0.09 0.10 0.037 GRMZM2G141472 OsFBX109 - F-box domain 
containing protein, 
expressed  
S1_271902579 1 271902579 2.94E-05 0.15 1391 0.09 0.10 0.033 GRMZM2G141472 OsFBX109 - F-box domain 
containing protein, 
expressed  
S1_271902580 1 271902580 4.40E-05 0.15 1391 0.09 0.10 0.037 GRMZM2G141472 OsFBX109 - F-box domain 
containing protein, 
expressed  
S1_272275112 1 272275112 1.99E-05 0.14 1391 0.09 0.10 0.030 GRMZM2G137891 Thioredoxin superfamily 
protein  
S1_272275112 1 272275112 1.99E-05 0.14 1391 0.09 0.10 0.030 GRMZM2G137891 Thioredoxin superfamily 
protein  
S1_272341227 1 272341227 1.62E-05 0.18 1391 0.09 0.10 0.028 GRMZM2G178261 (AtGRF1,GRF1): growth-
regulating factor 1  
S1_272452285 1 272452285 6.97E-05 0.14 1391 0.09 0.10 0.044 GRMZM2G089102 (ACR3): ACT domain repeat 
3 
S1_281334197 1 281334197 2.66E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G177046 (AtbZIP58,bZIP58): basic 





















Genes within 6800 
Bp of SNP Annotation 
S1_289270921 1 289270921 3.26E-05 0.45 1391 0.09 0.10 0.033 GRMZM2G049906 Protein kinase superfamily 
protein  
S1_289270921 1 289270921 3.26E-05 0.45 1391 0.09 0.10 0.033 GRMZM2G049888 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S1_289270921 1 289270921 3.26E-05 0.45 1391 0.09 0.10 0.033 GRMZM2G049790 OsFBDUF18 - F-box and DUF 
domain containing protein, 
expressed  
S1_289566288 1 289566288 8.08E-05 0.29 1391 0.09 0.10 0.046 GRMZM2G176630 Galactosyltransferase family 
protein  
S1_289566288 1 289566288 8.08E-05 0.29 1391 0.09 0.10 0.046 GRMZM2G176662 Ribosomal protein L4/L1 
family  
S1_289566288 1 289566288 8.08E-05 0.29 1391 0.09 0.10 0.046 GRMZM2G474798 (NOV): Histidine kinase-, 
DNA gyrase B-, and HSP90-
like ATPase family protein  
S1_289572136 1 289572136 2.90E-05 0.20 1391 0.09 0.10 0.033 GRMZM2G176630 Galactosyltransferase family 
protein  
S1_289572136 1 289572136 2.90E-05 0.20 1391 0.09 0.10 0.033 GRMZM2G176662 Ribosomal protein L4/L1 
family  
S1_289572136 1 289572136 2.90E-05 0.20 1391 0.09 0.10 0.033 GRMZM2G474798 (NOV): Histidine kinase-, 
DNA gyrase B-, and HSP90-
like ATPase family protein  
S1_293163491 1 293163491 4.44E-05 0.23 1391 0.09 0.10 0.037 GRMZM2G361210 C2H2-type zinc finger family 
protein  
S1_293163491 1 293163491 4.44E-05 0.23 1391 0.09 0.10 0.037 GRMZM2G061626 (RHL41,ZAT12): C2H2-type 
zinc finger family protein  
S1_293163491 1 293163491 4.44E-05 0.23 1391 0.09 0.10 0.037 GRMZM2G060702 (ADF4,ATADF4): actin 
depolymerizing factor 4  
S1_294168120 1 294168120 4.24E-06 0.48 1391 0.09 0.10 0.016 GRMZM2G043235 (PTAC2): plastid 





















Genes within 6800 
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S1_294168120 1 294168120 4.24E-06 0.48 1391 0.09 0.10 0.016 GRMZM2G343741 (PTAC2): plastid 
transcriptionally active 2  
S1_294168120 1 294168120 4.24E-06 0.48 1391 0.09 0.10 0.016 GRMZM2G405185 (ATGIP1,GIP1): AtGCP3 
interacting protein 1  
S1_296770795 1 296770795 1.75E-05 0.42 1391 0.09 0.10 0.029 GRMZM2G470422 (STOP1): C2H2 and C2HC 
zinc fingers superfamily 
protein  
S1_296770795 1 296770795 1.75E-05 0.42 1391 0.09 0.10 0.029 GRMZM2G170137 Mitochondrial transcription 
termination factor family 
protein  
S1_296770795 1 296770795 1.75E-05 0.42 1391 0.09 0.10 0.029 GRMZM2G470382 Ribosomal protein S8e 
family protein  
S1_296849274 1 296849274 8.35E-06 0.22 1391 0.09 0.10 0.023 GRMZM2G114992 hydroxyproline-rich 
glycoprotein family protein  
S1_296849274 1 296849274 8.35E-06 0.22 1391 0.09 0.10 0.023 GRMZM2G114899 Protein kinase protein with 
adenine nucleotide alpha 
hydrolases-like domain  
S1_296849361 1 296849361 7.37E-05 0.24 1391 0.09 0.10 0.046 GRMZM2G114992 hydroxyproline-rich 
glycoprotein family protein  
S1_296849361 1 296849361 7.37E-05 0.24 1391 0.09 0.10 0.046 GRMZM2G114899 Protein kinase protein with 
adenine nucleotide alpha 
hydrolases-like domain  
S1_296849363 1 296849363 5.80E-05 0.24 1391 0.09 0.10 0.041 GRMZM2G114992 hydroxyproline-rich 
glycoprotein family protein  
S1_296849363 1 296849363 5.80E-05 0.24 1391 0.09 0.10 0.041 GRMZM2G114899 Protein kinase protein with 
adenine nucleotide alpha 
hydrolases-like domain  




S1_296894613 1 296894613 3.36E-05 0.35 1391 0.09 0.10 0.034 GRMZM2G704150 Domain of unknown 





















Genes within 6800 
Bp of SNP Annotation 
S1_296894613 1 296894613 3.36E-05 0.35 1391 0.09 0.10 0.034 GRMZM5G891724 (ATVPS9A,VPS9,VPS9A): 
Vacuolar sorting protein 9 
(VPS9) domain  
S1_296894613 1 296894613 3.36E-05 0.35 1391 0.09 0.10 0.034 AC217358.3_FG00
3 
diphthamide synthesis 
DPH2 family protein  
S1_296894613 1 296894613 3.36E-05 0.35 1391 0.09 0.10 0.034 GRMZM5G881369 FAD binding protein, 
putative, expressed  
S1_297768134 1 297768134 6.93E-05 0.13 1391 0.09 0.10 0.044 GRMZM2G016738 nuclear antigen, putative, 
expressed  
S1_297798468 1 297798468 5.86E-05 0.41 1391 0.09 0.10 0.041 GRMZM2G016892 Protein prenylyltransferase 
superfamily protein  
S1_297798468 1 297798468 5.86E-05 0.41 1391 0.09 0.10 0.041 GRMZM2G016774 (AAE16): AMP-dependent 
synthetase and ligase family 
protein  
S1_298432473 1 298432473 3.35E-05 0.35 1391 0.09 0.10 0.034 GRMZM2G021742 (U2A\'): U2 small nuclear 
ribonucleoprotein A  
S1_298432473 1 298432473 3.35E-05 0.35 1391 0.09 0.10 0.034 GRMZM2G021642 (FLA,FRI): FRIGIDA-like 
protein  
S1_298433594 1 298433594 7.08E-05 0.34 1391 0.09 0.10 0.044 GRMZM2G021742 (U2A\'): U2 small nuclear 
ribonucleoprotein A  
S1_298433594 1 298433594 7.08E-05 0.34 1391 0.09 0.10 0.044 GRMZM2G021642 (FLA,FRI): FRIGIDA-like 
protein  
S1_300739896 1 300739896 5.49E-05 0.45 1391 0.09 0.10 0.040 GRMZM2G115190 (ZIP10): zinc transporter 10 
precursor  
S1_300739896 1 300739896 5.49E-05 0.45 1391 0.09 0.10 0.040 GRMZM2G415077 Homeodomain-like 
superfamily protein  
S1_300739896 1 300739896 5.49E-05 0.45 1391 0.09 0.10 0.040 GRMZM2G115162 (ATNPR3,NPR3): NPR1-like 
protein 3 
           





















Genes within 6800 
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S2_1918175 2 1918175 2.61E-05 0.41 1391 0.09 0.10 0.033 GRMZM2G105319 (ABAR,CCH,CCH1,CHLH,GU
N5): magnesium-chelatase 
subunit chlH, chloroplast, 
putative / Mg-
protoporphyrin IX 
chelatase, putative (CHLH)  
S2_1918175 2 1918175 2.61E-05 0.41 1391 0.09 0.10 0.033 GRMZM2G105330 (AAE5): acyl activating 
enzyme 5  
S2_1918175 2 1918175 2.61E-05 0.41 1391 0.09 0.10 0.033 GRMZM2G407347 Cytokine-induced anti-
apoptosis inhibitor 1, Fe-S 
biogenesis  
S2_1918192 2 1918192 4.33E-05 0.43 1391 0.09 0.10 0.037 GRMZM2G105319 (ABAR,CCH,CCH1,CHLH,GU
N5): magnesium-chelatase 
subunit chlH, chloroplast, 
putative / Mg-
protoporphyrin IX 
chelatase, putative (CHLH)  
S2_1918192 2 1918192 4.33E-05 0.43 1391 0.09 0.10 0.037 GRMZM2G105330 (AAE5): acyl activating 
enzyme 5  
S2_1918192 2 1918192 4.33E-05 0.43 1391 0.09 0.10 0.037 GRMZM2G407347 Cytokine-induced anti-
apoptosis inhibitor 1, Fe-S 
biogenesis  
S2_2539903 2 2539903 5.88E-06 0.31 1391 0.09 0.10 0.020 GRMZM2G010257 60S acidic ribosomal protein 
family  
S2_2539903 2 2539903 5.88E-06 0.31 1391 0.09 0.10 0.020 GRMZM2G010435 Granulin repeat cysteine 
protease family protein  
S2_2539903 2 2539903 5.88E-06 0.31 1391 0.09 0.10 0.020 GRMZM2G107187 SEC-C motif-containing 
protein / OTU-like cysteine 
protease family protein  





















Genes within 6800 
Bp of SNP Annotation 
S2_5929569 2 5929569 9.21E-05 0.13 1391 0.09 0.10 0.049 GRMZM2G372074 Bifunctional inhibitor/lipid-
transfer protein/seed 
storage 2S albumin 
superfamily protein  
S2_5929569 2 5929569 9.21E-05 0.13 1391 0.09 0.10 0.049 GRMZM2G070881 ubiquitin-associated 
(UBA)/TS-N domain-
containing protein  
S2_5929569 2 5929569 9.21E-05 0.13 1391 0.09 0.10 0.049 GRMZM2G372102 (AZI1): azelaic acid induced 
1 
S2_15989267 2 15989267 4.76E-05 0.11 1391 0.09 0.10 0.037 GRMZM2G114220 (UFD1): ubiquitin fusion 
degradation 1  
S2_15989267 2 15989267 4.76E-05 0.11 1391 0.09 0.10 0.037 GRMZM2G114192 Rho GTPase activating 
protein with PAK-box/P21-
Rho-binding domain  
S2_15989267 2 15989267 4.76E-05 0.11 1391 0.09 0.10 0.037 GRMZM2G114276 Leucine-rich receptor-like 
protein kinase family 
protein  
S2_15989296 2 15989296 4.76E-05 0.11 1391 0.09 0.10 0.037 GRMZM2G114220 (UFD1): ubiquitin fusion 
degradation 1  
S2_15989296 2 15989296 4.76E-05 0.11 1391 0.09 0.10 0.037 GRMZM2G114192 Rho GTPase activating 
protein with PAK-box/P21-
Rho-binding domain  
S2_15989296 2 15989296 4.76E-05 0.11 1391 0.09 0.10 0.037 GRMZM2G114276 Leucine-rich receptor-like 
protein kinase family 
protein  
S2_15993429 2 15993429 8.18E-05 0.12 1391 0.09 0.10 0.046 GRMZM2G114220 (UFD1): ubiquitin fusion 
degradation 1  
S2_15993429 2 15993429 8.18E-05 0.12 1391 0.09 0.10 0.046 GRMZM2G114276 Leucine-rich receptor-like 
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S2_20123366 2 20123366 3.64E-05 0.14 1391 0.09 0.10 0.035 GRMZM2G105137 (DUO1): myb-like HTH 
transcriptional regulator 
family protein  
S2_20123371 2 20123371 8.10E-05 0.14 1391 0.09 0.10 0.046 GRMZM2G105137 (DUO1): myb-like HTH 
transcriptional regulator 
family protein  
S2_26772022 2 26772022 3.42E-05 0.07 1391 0.09 0.10 0.034 GRMZM2G474575 Kunitz family trypsin and 
protease inhibitor protein  
S2_26772022 2 26772022 3.42E-05 0.07 1391 0.09 0.10 0.034 GRMZM2G171410 S-adenosyl-L-methionine-
dependent 
methyltransferases 
superfamily protein  
S2_184267183 2 184267183 8.16E-05 0.47 1391 0.09 0.10 0.046 GRMZM2G125482 (CYP75B1,D501,TT7): 
Cytochrome P450 
superfamily protein  
S2_188775125 2 188775125 6.22E-05 0.10 1391 0.09 0.10 0.042 AC198353.5_FG00
4 
NOL1/NOP2/sun family 
protein / antitermination 
NusB domain-containing 
protein  
S2_188817050 2 188817050 1.05E-05 0.15 1391 0.09 0.10 0.025 GRMZM2G703293 (scpl28): serine 
carboxypeptidase-like 28  
S2_188817052 2 188817052 1.05E-05 0.15 1391 0.09 0.10 0.025 GRMZM2G703293 (scpl28): serine 
carboxypeptidase-like 28  
S2_188817054 2 188817054 1.05E-05 0.15 1391 0.09 0.10 0.025 GRMZM2G703293 (scpl28): serine 
carboxypeptidase-like 28  
S2_188817055 2 188817055 1.05E-05 0.15 1391 0.09 0.10 0.025 GRMZM2G703293 (scpl28): serine 
carboxypeptidase-like 28  
S2_233749766 2 233749766 4.42E-05 0.17 1391 0.09 0.10 0.037 GRMZM2G037923 Protein kinase family 
protein  
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S2_233749766 2 233749766 4.42E-05 0.17 1391 0.09 0.10 0.037 GRMZM2G340130 (ECT2): evolutionarily 
conserved C-terminal 
region 2  
S2_233749766 2 233749766 4.42E-05 0.17 1391 0.09 0.10 0.037 GRMZM2G021051 (AT2353,ATGA20OX2,GA20
OX2): gibberellin 20 oxidase 
2 
S2_233749766 2 233749766 4.42E-05 0.17 1391 0.09 0.10 0.037 GRMZM5G878490 (AGL62): AGAMOUS-like 62  




like superfamily protein  
S3_306174 3 306174 4.58E-05 0.24 1391 0.09 0.10 0.037 GRMZM2G035482 Coatomer epsilon subunit  
S3_1467296 3 1467296 2.68E-06 0.11 1391 0.09 0.10 0.013 GRMZM2G087804 (ATGLK1,GLK1,GPRI1): 
GBF\'s pro-rich region-
interacting factor 1  
S3_1467296 3 1467296 2.68E-06 0.11 1391 0.09 0.10 0.013 GRMZM2G087714 (NFD6): nuclear fusion 
defective 6  
S3_1467297 3 1467297 2.27E-06 0.11 1391 0.09 0.10 0.012 GRMZM2G087804 (ATGLK1,GLK1,GPRI1): 
GBF\'s pro-rich region-
interacting factor 1  
S3_1467297 3 1467297 2.27E-06 0.11 1391 0.09 0.10 0.012 GRMZM2G087714 (NFD6): nuclear fusion 
defective 6  
S3_2117273 3 2117273 1.83E-05 0.41 1391 0.09 0.10 0.029 GRMZM2G470305 (ATNRPD1B,DMS5,DRD3,NR
PD1B,NRPE1): nuclear RNA 
polymerase D1B  
S3_2117273 3 2117273 1.83E-05 0.41 1391 0.09 0.10 0.029 GRMZM2G170047 (CYP71A25): cytochrome 
P450, family 71, subfamily 
A, polypeptide 25  
S3_2144579 3 2144579 7.61E-05 0.13 1391 0.09 0.10 0.046 GRMZM2G169973 (ATOFP7,OFP7): ovate 
family protein 7  
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S3_2144579 3 2144579 7.61E-05 0.13 1391 0.09 0.10 0.046 GRMZM2G170013 (NYC1): NAD(P)-binding 
Rossmann-fold superfamily 
protein  
S3_2144579 3 2144579 7.61E-05 0.13 1391 0.09 0.10 0.046 GRMZM2G169951 (SLAH3): SLAC1 homologue 
3 
S3_2155514 3 2155514 4.54E-05 0.46 1391 0.09 0.10 0.037 GRMZM2G169973 (ATOFP7,OFP7): ovate 
family protein 7  
S3_2155514 3 2155514 4.54E-05 0.46 1391 0.09 0.10 0.037 GRMZM2G169951 (SLAH3): SLAC1 homologue 
3 
S3_3464599 3 3464599 8.59E-05 0.39 1391 0.09 0.10 0.047 GRMZM2G400907 (GTE4): global transcription 
factor group E4  
S3_3464599 3 3464599 8.59E-05 0.39 1391 0.09 0.10 0.047 GRMZM2G102572 SGNH hydrolase-type 
esterase superfamily 
protein  
S3_4190285 3 4190285 9.61E-05 0.36 1391 0.09 0.10 0.050 GRMZM2G352926 transposable element 
protein, putative, 
containing Pfam profile: 
PF03732, Retrotrans_gag, 
expressed  
S3_4190285 3 4190285 9.61E-05 0.36 1391 0.09 0.10 0.050 GRMZM2G051262 Alg9-like 
mannosyltransferase family  
S3_4340829 3 4340829 7.66E-05 0.27 1391 0.09 0.10 0.046 GRMZM2G045259 Protein kinase family 
protein  
S3_4340829 3 4340829 7.66E-05 0.27 1391 0.09 0.10 0.046 GRMZM2G346457 (ATECI3,ECI3,HCD1): 3-
hydroxyacyl-CoA 
dehydratase 1  
S3_4340829 3 4340829 7.66E-05 0.27 1391 0.09 0.10 0.046 GRMZM2G346466 (MRH1): Leucine-rich repeat 
protein kinase family 
protein  
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S3_4340829 3 4340829 7.66E-05 0.27 1391 0.09 0.10 0.046 GRMZM2G045330 (ATSK21,BIN2,DWF12,SK21,
UCU1): Protein kinase 
superfamily protein  
S3_4341536 3 4341536 3.28E-05 0.15 1391 0.09 0.10 0.034 GRMZM2G045259 Protein kinase family 
protein  
S3_4341536 3 4341536 3.28E-05 0.15 1391 0.09 0.10 0.034 GRMZM2G346457 (ATECI3,ECI3,HCD1): 3-
hydroxyacyl-CoA 
dehydratase 1  
S3_4341536 3 4341536 3.28E-05 0.15 1391 0.09 0.10 0.034 GRMZM2G346466 (MRH1): Leucine-rich repeat 
protein kinase family 
protein  
S3_4341536 3 4341536 3.28E-05 0.15 1391 0.09 0.10 0.034 GRMZM2G045330 (ATSK21,BIN2,DWF12,SK21,
UCU1): Protein kinase 
superfamily protein  
S3_4861946 3 4861946 4.78E-05 0.43 1391 0.09 0.10 0.038 GRMZM2G471089 (AG): K-box region and 
MADS-box transcription 
factor family protein  
S3_4862339 3 4862339 4.95E-05 0.30 1391 0.09 0.10 0.038 GRMZM2G471089 (AG): K-box region and 
MADS-box transcription 
factor family protein  
S3_5850435 3 5850435 1.56E-05 0.09 1391 0.09 0.10 0.028 GRMZM2G470914 Protein kinase superfamily 
protein  
S3_8881339 3 8881339 2.18E-05 0.09 1391 0.09 0.10 0.031 GRMZM2G083797 disease resistance family 
protein / LRR family protein  
S3_8881339 3 8881339 2.18E-05 0.09 1391 0.09 0.10 0.031 GRMZM2G083763 Pre-mRNA cleavage 
complex II protein family  
S3_8881339 3 8881339 2.18E-05 0.09 1391 0.09 0.10 0.031 GRMZM2G083810 (HSP17.6II): 17.6 kDa class II 
heat shock protein  
S3_8881647 3 8881647 8.22E-05 0.08 1391 0.09 0.10 0.046 GRMZM2G083797 disease resistance family 





















Genes within 6800 
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S3_8881647 3 8881647 8.22E-05 0.08 1391 0.09 0.10 0.046 GRMZM2G083763 Pre-mRNA cleavage 
complex II protein family  
S3_8881647 3 8881647 8.22E-05 0.08 1391 0.09 0.10 0.046 GRMZM2G083810 (HSP17.6II): 17.6 kDa class II 
heat shock protein  
S3_10516591 3 10516591 3.86E-05 0.31 1391 0.09 0.10 0.035 GRMZM5G868061 (BES1,BZR2): 
Brassinosteroid signalling 
positive regulator (BZR1) 
family protein  
S3_10516591 3 10516591 3.86E-05 0.31 1391 0.09 0.10 0.035 GRMZM2G348238 Homeodomain-like 
superfamily protein  
S3_10516593 3 10516593 3.86E-05 0.31 1391 0.09 0.10 0.035 GRMZM5G868061 (BES1,BZR2): 
Brassinosteroid signalling 
positive regulator (BZR1) 
family protein  
S3_10516593 3 10516593 3.86E-05 0.31 1391 0.09 0.10 0.035 GRMZM2G348238 Homeodomain-like 
superfamily protein  
S3_13872412 3 13872412 7.98E-05 0.18 1391 0.09 0.10 0.046 GRMZM2G102714 (CAN): Ca-2+ dependent 
nuclease  
S3_13872412 3 13872412 7.98E-05 0.18 1391 0.09 0.10 0.046 GRMZM2G102664 (TAF4,TAF4B): TBP-
associated factor 4  
S3_13872429 3 13872429 7.98E-05 0.18 1391 0.09 0.10 0.046 GRMZM2G102714 (CAN): Ca-2+ dependent 
nuclease  
S3_13872429 3 13872429 7.98E-05 0.18 1391 0.09 0.10 0.046 GRMZM2G102664 (TAF4,TAF4B): TBP-
associated factor 4  
S3_48493746 3 48493746 3.52E-05 0.26 1391 0.09 0.10 0.034 GRMZM2G017520 (ATMYB61,MYB61): myb 
domain protein 61  
S3_175692005 3 175692005 5.89E-06 0.35 1391 0.09 0.10 0.020 GRMZM5G866954 (AtTLP5,TLP5): tubby like 
protein 5 

























Genes within 6800 
Bp of SNP Annotation 
S3_175692005 3 175692005 5.89E-06 0.35 1391 0.09 0.10 0.020 AC155610.2_FG00
7 
HXXXD-type acyl-
transferase family protein  
S3_176039717 3 176039717 5.00E-05 0.22 1391 0.09 0.10 0.038 GRMZM2G061289 UDP-Glycosyltransferase 
superfamily protein  
S3_176039717 3 176039717 5.00E-05 0.22 1391 0.09 0.10 0.038 GRMZM2G061321 UDP-Glycosyltransferase 
superfamily protein  
S3_176039721 3 176039721 5.00E-05 0.22 1391 0.09 0.10 0.038 GRMZM2G061289 UDP-Glycosyltransferase 
superfamily protein  
S3_176039721 3 176039721 5.00E-05 0.22 1391 0.09 0.10 0.038 GRMZM2G061321 UDP-Glycosyltransferase 
superfamily protein  
S3_181007577 3 181007577 5.51E-05 0.13 1391 0.09 0.10 0.040 GRMZM2G463415 ENTH/VHS family protein  
S3_181007585 3 181007585 5.51E-05 0.13 1391 0.09 0.10 0.040 GRMZM2G463415 ENTH/VHS family protein  
S3_181751306 3 181751306 6.82E-05 0.34 1391 0.09 0.10 0.044 GRMZM2G126083 alpha/beta-Hydrolases 
superfamily protein  
S3_181751306 3 181751306 6.82E-05 0.34 1391 0.09 0.10 0.044 GRMZM2G123977 (ITN1): Ankyrin repeat 
family protein  
S3_181751306 3 181751306 6.82E-05 0.34 1391 0.09 0.10 0.044 GRMZM2G126077 Pectin lyase-like 
superfamily protein  
S3_183381586 3 183381586 2.42E-05 0.32 1391 0.09 0.10 0.032 GRMZM2G006229 thioredoxin, putative, 
expressed  
S3_183385606 3 183385606 3.08E-05 0.35 1391 0.09 0.10 0.033 GRMZM2G006229 thioredoxin, putative, 
expressed  
S3_183385627 3 183385627 3.08E-05 0.35 1391 0.09 0.10 0.033 GRMZM2G006229 thioredoxin, putative, 
expressed  
S3_184948734 3 184948734 2.37E-07 0.16 1391 0.09 0.10 0.006 GRMZM2G065290 (ATWRKY46,WRKY46): 
WRKY DNA-binding protein 
46 
S3_185026390 3 185026390 4.98E-05 0.16 1391 0.09 0.10 0.038 GRMZM2G382350 (ATWRKY64,WRKY64): 






















Genes within 6800 
Bp of SNP Annotation 
S3_185026412 3 185026412 6.73E-05 0.18 1391 0.09 0.10 0.043 GRMZM2G382350 (ATWRKY64,WRKY64): 
WRKY DNA-binding protein 
64 
S3_185244417 3 185244417 6.41E-05 0.36 1391 0.09 0.10 0.043 GRMZM2G098042 Protein kinase family 
protein with ARM repeat 
domain  
S3_185244417 3 185244417 6.41E-05 0.36 1391 0.09 0.10 0.043 GRMZM2G098078 Protein kinase family 
protein with ARM repeat 
domain  
S3_187719236 3 187719236 3.87E-06 0.25 1391 0.09 0.10 0.016 GRMZM2G137942 (ATLFNR2,FNR2): 
ferredoxin-NADP(+)-
oxidoreductase 2  
S3_187719236 3 187719236 3.87E-06 0.25 1391 0.09 0.10 0.016 GRMZM2G138074 (CYP98A3): cytochrome 
P450, family 98, subfamily 
A, polypeptide 3  
S3_187719236 3 187719236 3.87E-06 0.25 1391 0.09 0.10 0.016 GRMZM2G438551 (ATCYS6,ATCYSB,CYSB): 
cystatin B  
S3_190782534 3 190782534 1.02E-05 0.17 1391 0.09 0.10 0.025 GRMZM2G062373 Adenine nucleotide alpha 
hydrolases-like superfamily 
protein  
S3_190782534 3 190782534 1.02E-05 0.17 1391 0.09 0.10 0.025 GRMZM2G062429 (ATDGK5,DGK5): 
diacylglycerol kinase 5  
S3_191368630 3 191368630 9.61E-05 0.23 1391 0.09 0.10 0.050 AC210529.3_FG00
4 
Regulator of chromosome 
condensation (RCC1) family 
protein  
S3_191368630 3 191368630 9.61E-05 0.23 1391 0.09 0.10 0.050 GRMZM2G026333 Regulator of chromosome 
condensation (RCC1) family 
protein  
S3_191777687 3 191777687 7.34E-08 0.39 1391 0.09 0.11 0.002 GRMZM2G093239 Transducin/WD40 repeat-





















Genes within 6800 
Bp of SNP Annotation 
S3_191777687 3 191777687 7.34E-08 0.39 1391 0.09 0.11 0.002 GRMZM2G093101 (ATPAP10,PAP10): purple 
acid phosphatase 10  
S3_199622620 3 199622620 7.75E-05 0.40 1391 0.09 0.10 0.046 GRMZM5G887890 (ATSNF4,SNF4): homolog of 
yeast sucrose 
nonfermenting 4  
S3_199622620 3 199622620 7.75E-05 0.40 1391 0.09 0.10 0.046 GRMZM2G005082 O-Glycosyl hydrolases 
family 17 protein  
S3_199622620 3 199622620 7.75E-05 0.40 1391 0.09 0.10 0.046 GRMZM2G140455 (PRF5): profilin 5  
S3_202039340 3 202039340 6.21E-05 0.46 1391 0.09 0.10 0.042 GRMZM2G158013 (AST12,SULTR3;1): sulfate 
transporter 3;1  




subclass, expressed  
S3_202069791 3 202069791 7.27E-05 0.38 1391 0.09 0.10 0.045 GRMZM2G150450 Heavy metal 
transport/detoxification 
superfamily protein  
S3_202183055 3 202183055 1.69E-05 0.24 1391 0.09 0.10 0.028 GRMZM2G015908 (ATPS2,PS2): phosphate 
starvation-induced gene 2  
S3_202183058 3 202183058 1.69E-05 0.24 1391 0.09 0.10 0.028 GRMZM2G015908 (ATPS2,PS2): phosphate 
starvation-induced gene 2  
S3_205242872 3 205242872 9.48E-05 0.14 1391 0.09 0.10 0.050 GRMZM2G386113 RING/U-box superfamily 
protein  
S3_205242878 3 205242878 8.77E-06 0.20 1391 0.09 0.10 0.024 GRMZM2G386113 RING/U-box superfamily 
protein  
S3_205364922 3 205364922 3.76E-05 0.13 1391 0.09 0.10 0.035 GRMZM2G041774 (MAPKKK16): mitogen-
activated protein kinase 
kinase kinase 16  
S3_205364922 3 205364922 3.76E-05 0.13 1391 0.09 0.10 0.035 GRMZM2G165099 (MAPKKK16): mitogen-
activated protein kinase 





















Genes within 6800 
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S3_205364933 3 205364933 3.76E-05 0.13 1391 0.09 0.10 0.035 GRMZM2G041774 (MAPKKK16): mitogen-
activated protein kinase 
kinase kinase 16  
S3_205364933 3 205364933 3.76E-05 0.13 1391 0.09 0.10 0.035 GRMZM2G165099 (MAPKKK16): mitogen-
activated protein kinase 
kinase kinase 16  
S3_205364934 3 205364934 3.76E-05 0.13 1391 0.09 0.10 0.035 GRMZM2G041774 (MAPKKK16): mitogen-
activated protein kinase 
kinase kinase 16  
S3_205364934 3 205364934 3.76E-05 0.13 1391 0.09 0.10 0.035 GRMZM2G165099 (MAPKKK16): mitogen-
activated protein kinase 
kinase kinase 16  
S3_205364946 3 205364946 3.76E-05 0.13 1391 0.09 0.10 0.035 GRMZM2G041774 (MAPKKK16): mitogen-
activated protein kinase 
kinase kinase 16  
S3_205364946 3 205364946 3.76E-05 0.13 1391 0.09 0.10 0.035 GRMZM2G165099 (MAPKKK16): mitogen-
activated protein kinase 
kinase kinase 16  
S3_205474471 3 205474471 4.22E-05 0.07 1391 0.09 0.10 0.037 GRMZM2G420334 SWAP (Suppressor-of-
White-APricot)/surp 
domain-containing protein  
S3_205474506 3 205474506 2.78E-05 0.07 1391 0.09 0.10 0.033 GRMZM2G420334 SWAP (Suppressor-of-
White-APricot)/surp 
domain-containing protein  
S3_205474509 3 205474509 2.78E-05 0.07 1391 0.09 0.10 0.033 GRMZM2G420334 SWAP (Suppressor-of-
White-APricot)/surp 
domain-containing protein  
S3_205816848 3 205816848 4.24E-05 0.07 1391 0.09 0.10 0.037 AC233882.1_FG00
5 
(ATKCO2,ATTPK2,KCO2): 
Ca2+ activated outward 





















Genes within 6800 
Bp of SNP Annotation 
S3_205816882 3 205816882 1.18E-05 0.06 1391 0.09 0.10 0.027 AC233882.1_FG00
5 
(ATKCO2,ATTPK2,KCO2): 
Ca2+ activated outward 
rectifying K+ channel 2  
S3_208618536 3 208618536 8.22E-05 0.11 1391 0.09 0.10 0.046 GRMZM2G022052 (TAF11): TBP-associated 
factor 11  
S3_208618542 3 208618542 8.22E-05 0.11 1391 0.09 0.10 0.046 GRMZM2G022052 (TAF11): TBP-associated 
factor 11  
S3_209854372 3 209854372 1.80E-05 0.21 1391 0.09 0.10 0.029 GRMZM5G862131 (UBC13B,UBC36): ubiquitin-
conjugating enzyme 36  
S3_209854372 3 209854372 1.80E-05 0.21 1391 0.09 0.10 0.029 GRMZM2G034526 Protein of unknown 
function (DUF1421)  
S3_209854395 3 209854395 2.97E-05 0.22 1391 0.09 0.10 0.033 GRMZM5G862131 (UBC13B,UBC36): ubiquitin-
conjugating enzyme 36  
S3_209854395 3 209854395 2.97E-05 0.22 1391 0.09 0.10 0.033 GRMZM2G034526 Protein of unknown 
function (DUF1421)  
S3_209904642 3 209904642 1.23E-05 0.44 1391 0.09 0.10 0.027 GRMZM2G346639 Nucleotidyltransferase 
family protein  
S3_209904679 3 209904679 1.23E-05 0.44 1391 0.09 0.10 0.027 GRMZM2G346639 Nucleotidyltransferase 
family protein  
S3_209904786 3 209904786 9.31E-05 0.48 1391 0.09 0.10 0.049 GRMZM2G346639 Nucleotidyltransferase 
family protein  
S3_211231422 3 211231422 3.79E-06 0.14 1391 0.09 0.10 0.016 GRMZM2G346639 Nucleotidyltransferase 
family protein  
S3_212154979 3 212154979 7.40E-05 0.16 1391 0.09 0.10 0.046 GRMZM2G070360 (VHA-E3): vacuolar H+-
ATPase subunit E isoform 3  
S3_212154980 3 212154980 7.40E-05 0.16 1391 0.09 0.10 0.046 GRMZM2G070360 (VHA-E3): vacuolar H+-
ATPase subunit E isoform 3  
S3_212154981 3 212154981 7.40E-05 0.16 1391 0.09 0.10 0.046 GRMZM2G070360 (VHA-E3): vacuolar H+-
ATPase subunit E isoform 3  
S3_217895070 3 217895070 2.42E-05 0.25 1391 0.09 0.10 0.032 GRMZM2G148555 extra-large G-protein-





















Genes within 6800 
Bp of SNP Annotation 
S3_217939392 3 217939392 3.99E-05 0.26 1391 0.09 0.10 0.035 GRMZM2G057733 Transmembrane amino acid 
transporter family protein  
S3_217939393 3 217939393 3.99E-05 0.26 1391 0.09 0.10 0.035 GRMZM2G057733 Transmembrane amino acid 
transporter family protein  
S3_218004766 3 218004766 9.48E-06 0.20 1391 0.09 0.10 0.024 GRMZM2G057853 (SEH1H): Transducin/WD40 
repeat-like superfamily 
protein  
S3_218010952 3 218010952 2.38E-05 0.50 1391 0.09 0.10 0.032 GRMZM2G057853 (SEH1H): Transducin/WD40 
repeat-like superfamily 
protein  
S3_218010952 3 218010952 2.38E-05 0.50 1391 0.09 0.10 0.032 GRMZM2G057955 (CPL3,ETC3): CAPRICE-like 
MYB3  
S3_218013695 3 218013695 9.27E-05 0.48 1391 0.09 0.10 0.049 GRMZM2G057853 (SEH1H): Transducin/WD40 
repeat-like superfamily 
protein  
S3_218013695 3 218013695 9.27E-05 0.48 1391 0.09 0.10 0.049 GRMZM2G057955 (CPL3,ETC3): CAPRICE-like 
MYB3  
S3_218014024 3 218014024 8.47E-05 0.47 1391 0.09 0.10 0.047 GRMZM2G057853 (SEH1H): Transducin/WD40 
repeat-like superfamily 
protein  
S3_218014024 3 218014024 8.47E-05 0.47 1391 0.09 0.10 0.047 GRMZM2G057955 (CPL3,ETC3): CAPRICE-like 
MYB3  
S3_218015637 3 218015637 2.41E-05 0.49 1391 0.09 0.10 0.032 GRMZM2G057853 (SEH1H): Transducin/WD40 
repeat-like superfamily 
protein  
S3_218015637 3 218015637 2.41E-05 0.49 1391 0.09 0.10 0.032 GRMZM2G057955 (CPL3,ETC3): CAPRICE-like 
MYB3  























Genes within 6800 
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S3_218018302 3 218018302 7.83E-06 0.21 1391 0.09 0.10 0.023 GRMZM2G057955 (CPL3,ETC3): CAPRICE-like 
MYB3  
S3_218018303 3 218018303 2.66E-06 0.21 1391 0.09 0.10 0.013 GRMZM2G057853 (SEH1H): Transducin/WD40 
repeat-like superfamily 
protein  
S3_218018303 3 218018303 2.66E-06 0.21 1391 0.09 0.10 0.013 GRMZM2G057955 (CPL3,ETC3): CAPRICE-like 
MYB3  




S3_218184961 3 218184961 3.18E-05 0.46 1391 0.09 0.10 0.033 GRMZM2G156126 alpha/beta-Hydrolases 
superfamily protein  




S3_218184961 3 218184961 3.18E-05 0.46 1391 0.09 0.10 0.033 GRMZM2G156069 (FTSH11): FTSH protease 11  
S3_218184997 3 218184997 3.08E-05 0.46 1391 0.09 0.10 0.033 GRMZM2G156126 alpha/beta-Hydrolases 
superfamily protein  




S3_218184997 3 218184997 3.08E-05 0.46 1391 0.09 0.10 0.033 GRMZM2G156069 (FTSH11): FTSH protease 11  
S3_219787109 3 219787109 2.80E-05 0.14 1391 0.09 0.10 0.033 GRMZM5G838579 (RHD3): Root hair defective 
3 GTP-binding protein 
(RHD3)  
           





















Genes within 6800 
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S3_219787109 3 219787109 2.80E-05 0.14 1391 0.09 0.10 0.033 GRMZM5G873287 (RHD3): Root hair defective 
3 GTP-binding protein 
(RHD3)  
S3_219787126 3 219787126 2.80E-05 0.14 1391 0.09 0.10 0.033 GRMZM5G838579 (RHD3): Root hair defective 
3 GTP-binding protein 
(RHD3)  
S3_219787126 3 219787126 2.80E-05 0.14 1391 0.09 0.10 0.033 GRMZM5G873287 (RHD3): Root hair defective 
3 GTP-binding protein 
(RHD3)  
S3_220686816 3 220686816 1.56E-05 0.19 1391 0.09 0.10 0.028 GRMZM2G371606 (CHUP1): Hydroxyproline-
rich glycoprotein family 
protein  
S3_220686816 3 220686816 1.56E-05 0.19 1391 0.09 0.10 0.028 GRMZM2G371628 (ULP1B): UB-like protease 
1B  
S3_220686816 3 220686816 1.56E-05 0.19 1391 0.09 0.10 0.028 AC184699.3_FG00
5 
(LUT2): Lycopene 
beta/epsilon cyclase protein  
S3_223174336 3 223174336 2.75E-05 0.24 1391 0.09 0.10 0.033 GRMZM2G142334 (ATB BETA): Protein 
phosphatase 2A, regulatory 
subunit PR55  
S3_223174337 3 223174337 2.75E-05 0.24 1391 0.09 0.10 0.033 GRMZM2G142334 (ATB BETA): Protein 
phosphatase 2A, regulatory 
subunit PR55  
S3_223353988 3 223353988 3.60E-05 0.23 1391 0.09 0.10 0.035 GRMZM2G120619 (LHB1B2,LHCB1.5): 
photosystem II light 
harvesting complex gene 
B1B2  
S3_223691724 3 223691724 3.43E-05 0.09 1391 0.09 0.10 0.034 GRMZM2G072052 EF hand calcium-binding 
protein family  
S3_223691724 3 223691724 3.43E-05 0.09 1391 0.09 0.10 0.034 GRMZM2G071977 myb-like transcription 





















Genes within 6800 
Bp of SNP Annotation 
S3_225831095 3 225831095 7.39E-07 0.33 1391 0.09 0.10 0.010 GRMZM2G093098 Pentatricopeptide repeat 
(PPR) superfamily protein  
S3_225831095 3 225831095 7.39E-07 0.33 1391 0.09 0.10 0.010 GRMZM2G093032 (GAMMA-
VPE,GAMMAVPE): gamma 
vacuolar processing enzyme  
S3_225898255 3 225898255 2.63E-05 0.37 1391 0.09 0.10 0.033 GRMZM2G392649 Insulinase (Peptidase family 
M16) protein  
S3_225898255 3 225898255 2.63E-05 0.37 1391 0.09 0.10 0.033 GRMZM2G090647 thioredoxin, putative, 
expressed  
S3_225898385 3 225898385 4.74E-05 0.38 1391 0.09 0.10 0.037 GRMZM2G392649 Insulinase (Peptidase family 
M16) protein  
S3_225898385 3 225898385 4.74E-05 0.38 1391 0.09 0.10 0.037 GRMZM2G090647 thioredoxin, putative, 
expressed  
S3_225898464 3 225898464 5.24E-05 0.36 1391 0.09 0.10 0.039 GRMZM2G392649 Insulinase (Peptidase family 
M16) protein  
S3_225898464 3 225898464 5.24E-05 0.36 1391 0.09 0.10 0.039 GRMZM2G090647 thioredoxin, putative, 
expressed  
S3_226807153 3 226807153 6.90E-05 0.45 1391 0.09 0.10 0.044 GRMZM2G369703 Ribonuclease P protein 
subunit P38-related  
S4_6609226 4 6609226 6.02E-05 0.29 1391 0.09 0.10 0.042 GRMZM2G133675 (PYE): basic helix-loop-helix 
(bHLH) DNA-binding 
superfamily protein  
S4_6609226 4 6609226 6.02E-05 0.29 1391 0.09 0.10 0.042 GRMZM2G133756 SNARE associated Golgi 
protein family  
S4_11410371 4 11410371 8.96E-05 0.13 1391 0.09 0.10 0.048 GRMZM2G008259 (AL7): alfin-like 7  
S4_12782501 4 12782501 6.05E-06 0.17 1391 0.09 0.10 0.020 GRMZM2G139533 NagB/RpiA/CoA 
transferase-like superfamily 
protein  
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Bp of SNP Annotation 




superfamily protein  
S4_18581278 4 18581278 1.82E-05 0.25 1391 0.09 0.10 0.029 GRMZM2G139894 (ATMCM2,MCM2): 
minichromosome 
maintenance (MCM2/3/5) 
family protein  
S4_18581278 4 18581278 1.82E-05 0.25 1391 0.09 0.10 0.029 GRMZM2G139880 (THY-1): thymidylate 
synthase 1  
S4_18581278 4 18581278 1.82E-05 0.25 1391 0.09 0.10 0.029 GRMZM2G440221 Oligosaccharyltransferase 
complex/magnesium 
transporter family protein  
S4_18581278 4 18581278 1.82E-05 0.25 1391 0.09 0.10 0.029 GRMZM2G440208 6-phosphogluconate 
dehydrogenase family 
protein  
S4_18581648 4 18581648 3.25E-05 0.25 1391 0.09 0.10 0.033 GRMZM2G139894 (ATMCM2,MCM2): 
minichromosome 
maintenance (MCM2/3/5) 
family protein  
S4_18581648 4 18581648 3.25E-05 0.25 1391 0.09 0.10 0.033 GRMZM2G139880 (THY-1): thymidylate 
synthase 1  
S4_18581648 4 18581648 3.25E-05 0.25 1391 0.09 0.10 0.033 GRMZM2G440221 Oligosaccharyltransferase 
complex/magnesium 
transporter family protein  
S4_18581648 4 18581648 3.25E-05 0.25 1391 0.09 0.10 0.033 GRMZM2G440208 6-phosphogluconate 
dehydrogenase family 
protein  
S4_187412483 4 187412483 4.69E-05 0.14 1391 0.09 0.10 0.037 GRMZM5G832805 (IAGLU): indole-3-acetate 
beta-D-glucosyltransferase  






















Genes within 6800 
Bp of SNP Annotation 
S4_228553735 4 228553735 8.08E-05 0.30 1391 0.09 0.10 0.046 GRMZM2G307241 (BZR1): Brassinosteroid 
signalling positive regulator 
(BZR1) family protein  
S4_233203671 4 233203671 3.49E-05 0.22 1391 0.09 0.10 0.034 GRMZM2G155822 Calcium-binding EF-hand 
family protein  
S4_233203671 4 233203671 3.49E-05 0.22 1391 0.09 0.10 0.034 GRMZM2G030542 Regulator of chromosome 
condensation (RCC1) family 
protein  
S4_237517637 4 237517637 5.74E-06 0.14 1391 0.09 0.10 0.020 GRMZM2G165917 Translation initiation factor 
IF2/IF5  
S4_237517637 4 237517637 5.74E-06 0.14 1391 0.09 0.10 0.020 GRMZM2G166032 (ATEXO70G1,EXO70G1): 
exocyst subunit exo70 
family protein G1  
S4_237517637 4 237517637 5.74E-06 0.14 1391 0.09 0.10 0.020 GRMZM2G166035 (WIN2): HOPW1-1-
interacting 2  
S4_238056221 4 238056221 5.83E-07 0.33 1391 0.09 0.10 0.010 AC233922.1_FG00
5 
Amino acid dehydrogenase 
family protein  
S4_238056221 4 238056221 5.83E-07 0.33 1391 0.09 0.10 0.010 GRMZM5G846811 (ARAC3,ATROP6,RAC3,RHO
1PS,ROP6): RAC-like 3  
S4_238056221 4 238056221 5.83E-07 0.33 1391 0.09 0.10 0.010 AC233922.1_FG00
4 
(ATERS,ERS,OVA3): 
glutamate tRNA synthetase  
S4_238057665 4 238057665 1.48E-05 0.18 1391 0.09 0.10 0.028 AC233922.1_FG00
5 
Amino acid dehydrogenase 
family protein  
S4_238057665 4 238057665 1.48E-05 0.18 1391 0.09 0.10 0.028 GRMZM5G846811 (ARAC3,ATROP6,RAC3,RHO
1PS,ROP6): RAC-like 3  
S4_238057665 4 238057665 1.48E-05 0.18 1391 0.09 0.10 0.028 AC233922.1_FG00
4 
(ATERS,ERS,OVA3): 
glutamate tRNA synthetase  
S4_238057919 4 238057919 2.01E-05 0.44 1391 0.09 0.10 0.030 AC233922.1_FG00
5 
Amino acid dehydrogenase 
family protein  
S4_238057919 4 238057919 2.01E-05 0.44 1391 0.09 0.10 0.030 GRMZM5G846811 (ARAC3,ATROP6,RAC3,RHO





















Genes within 6800 
Bp of SNP Annotation 
S4_238057919 4 238057919 2.01E-05 0.44 1391 0.09 0.10 0.030 AC233922.1_FG00
4 
(ATERS,ERS,OVA3): 
glutamate tRNA synthetase  
S4_238122679 4 238122679 6.16E-05 0.17 1391 0.09 0.10 0.042 GRMZM2G389768 (CSDP1): cold shock domain 
protein 1 
S4_238356952 4 238356952 6.33E-05 0.23 1391 0.09 0.10 0.042 GRMZM2G423129 Calcium-binding EF-hand 
family protein  
S4_238356952 4 238356952 6.33E-05 0.23 1391 0.09 0.10 0.042 GRMZM2G121269 (AT-
SRP40,ATRSP35,ATRSP40,RS
P35): arginine/serine-rich 
splicing factor 35  
S4_238356952 4 238356952 6.33E-05 0.23 1391 0.09 0.10 0.042 GRMZM2G362021 (FDH): formate 
dehydrogenase  
S4_238356972 4 238356972 9.48E-06 0.23 1391 0.09 0.10 0.024 GRMZM2G423129 Calcium-binding EF-hand 
family protein  
S4_238356972 4 238356972 9.48E-06 0.23 1391 0.09 0.10 0.024 GRMZM2G121269 (AT-
SRP40,ATRSP35,ATRSP40,RS
P35): arginine/serine-rich 
splicing factor 35  
S4_238356972 4 238356972 9.48E-06 0.23 1391 0.09 0.10 0.024 GRMZM2G362021 (FDH): formate 
dehydrogenase  
S4_238356976 4 238356976 1.23E-05 0.23 1391 0.09 0.10 0.027 GRMZM2G423129 Calcium-binding EF-hand 
family protein  
S4_238356976 4 238356976 1.23E-05 0.23 1391 0.09 0.10 0.027 GRMZM2G121269 (AT-
SRP40,ATRSP35,ATRSP40,RS
P35): arginine/serine-rich 
splicing factor 35  
S4_238356976 4 238356976 1.23E-05 0.23 1391 0.09 0.10 0.027 GRMZM2G362021 (FDH): formate 
dehydrogenase  
S4_238759421 4 238759421 4.01E-05 0.41 1391 0.09 0.10 0.035 GRMZM2G027209 basal transcription factor 





















Genes within 6800 
Bp of SNP Annotation 
S4_238759421 4 238759421 4.01E-05 0.41 1391 0.09 0.10 0.035 GRMZM2G027043 (CDS4): cytidinediphosphate 
diacylglycerol synthase 4  
S4_238759421 4 238759421 4.01E-05 0.41 1391 0.09 0.10 0.035 GRMZM2G027187 (ATMAP65-3,MAP65-3,PLE): 
Microtubule associated 
protein (MAP65/ASE1) 
family protein  





S4_238952009 4 238952009 8.20E-05 0.41 1391 0.09 0.10 0.046 GRMZM2G019597 tRNA (guanine-N-7) 
methyltransferase  
S4_238952009 4 238952009 8.20E-05 0.41 1391 0.09 0.10 0.046 GRMZM2G019838 (EMB139,EMB506): Ankyrin 
repeat family protein  





S4_238952013 4 238952013 8.20E-05 0.41 1391 0.09 0.10 0.046 GRMZM2G019597 tRNA (guanine-N-7) 
methyltransferase  
S4_238952013 4 238952013 8.20E-05 0.41 1391 0.09 0.10 0.046 GRMZM2G019838 (EMB139,EMB506): Ankyrin 
repeat family protein  





S4_238952014 4 238952014 8.20E-05 0.41 1391 0.09 0.10 0.046 GRMZM2G019597 tRNA (guanine-N-7) 
methyltransferase  
S4_238952014 4 238952014 8.20E-05 0.41 1391 0.09 0.10 0.046 GRMZM2G019838 (EMB139,EMB506): Ankyrin 
repeat family protein  

























Genes within 6800 
Bp of SNP Annotation 
S4_238952016 4 238952016 8.20E-05 0.41 1391 0.09 0.10 0.046 GRMZM2G019597 tRNA (guanine-N-7) 
methyltransferase  
S4_238952016 4 238952016 8.20E-05 0.41 1391 0.09 0.10 0.046 GRMZM2G019838 (EMB139,EMB506): Ankyrin 
repeat family protein  
S4_239160184 4 239160184 6.99E-05 0.16 1391 0.09 0.10 0.044 GRMZM2G324285 anthranilate 
phosphoribosyltransferase, 
putative  
S4_239160184 4 239160184 6.99E-05 0.16 1391 0.09 0.10 0.044 GRMZM2G024310 (MGP1): copper ion 
binding;cobalt ion 
binding;zinc ion binding 
S4_239370342 4 239370342 6.84E-05 0.20 1391 0.09 0.10 0.044 GRMZM2G382581 (AtMC6,MC6): metacaspase 
6 
S4_239436102 4 239436102 4.88E-05 0.14 1391 0.09 0.10 0.038 GRMZM5G878541 (ATWEE1,WEE1): WEE1 
kinase homolog  
S4_239436102 4 239436102 4.88E-05 0.14 1391 0.09 0.10 0.038 GRMZM2G374088 (MPK9): MAP kinase 9  
S4_239436102 4 239436102 4.88E-05 0.14 1391 0.09 0.10 0.038 GRMZM2G374084 retrotransposon protein, 
putative, unclassified, 
expressed  
S5_2537530 5 2537530 8.87E-05 0.11 1391 0.09 0.10 0.048 GRMZM2G160046 Transducin/WD40 repeat-
like superfamily protein  
S5_2537530 5 2537530 8.87E-05 0.11 1391 0.09 0.10 0.048 GRMZM2G458266 Transducin/WD40 repeat-
like superfamily protein  
S5_2537530 5 2537530 8.87E-05 0.11 1391 0.09 0.10 0.048 GRMZM2G160027 glycine-rich protein A3, 
putative, expressed  
S5_3048977 5 3048977 4.15E-05 0.47 1391 0.09 0.10 0.036 GRMZM2G095865 (GYRA): DNA GYRASE A  
S5_3048977 5 3048977 4.15E-05 0.47 1391 0.09 0.10 0.036 GRMZM2G395844 (ARFA1B,ATARFA1B): ADP-
ribosylation factor A1B  
S5_3048977 5 3048977 4.15E-05 0.47 1391 0.09 0.10 0.036 GRMZM2G096165 Ribosomal protein L36  
           





















Genes within 6800 
Bp of SNP Annotation 
S5_6985197 5 6985197 5.28E-05 0.17 1391 0.09 0.10 0.039 GRMZM2G553379 (AGL7,AP1): K-box region 
and MADS-box transcription 
factor family protein  
S5_8006530 5 8006530 8.98E-06 0.17 1391 0.09 0.10 0.024 GRMZM2G023858 Vps51/Vps67 family 
(components of vesicular 
transport) protein  
S5_8006549 5 8006549 5.69E-05 0.15 1391 0.09 0.10 0.040 GRMZM2G023858 Vps51/Vps67 family 
(components of vesicular 
transport) protein  
S5_11883125 5 11883125 1.39E-05 0.19 1391 0.09 0.10 0.027 GRMZM2G090435 Protein of unknown 
function (DUF3049)  
S5_15516150 5 15516150 3.37E-06 0.16 1391 0.09 0.10 0.015 GRMZM2G037146 HSP20-like chaperones 
superfamily protein  
S5_91356835 5 91356835 1.21E-06 0.32 1391 0.09 0.10 0.010 GRMZM5G832138 RNA recognition motif 
(RRM)-containing protein  
S5_91356835 5 91356835 1.21E-06 0.32 1391 0.09 0.10 0.010 GRMZM2G133308 RNA recognition motif 
(RRM)-containing protein  
S5_91813307 5 91813307 9.42E-05 0.12 1391 0.09 0.10 0.050 GRMZM2G059363 Uncharacterised BCR, YbaB 
family COG0718  
S5_91813307 5 91813307 9.42E-05 0.12 1391 0.09 0.10 0.050 GRMZM2G360455 Protein phosphatase 2C 
family protein  
S5_92354079 5 92354079 5.42E-05 0.25 1391 0.09 0.10 0.040 GRMZM2G057328 (ATCCR1,CCR1,IRX4): 
cinnamoyl coa reductase 1  
S5_92354081 5 92354081 5.42E-05 0.25 1391 0.09 0.10 0.040 GRMZM2G057328 (ATCCR1,CCR1,IRX4): 
cinnamoyl coa reductase 1  
S5_92354212 5 92354212 6.17E-05 0.25 1391 0.09 0.10 0.042 GRMZM2G057328 (ATCCR1,CCR1,IRX4): 
cinnamoyl coa reductase 1  
S5_92354246 5 92354246 4.51E-05 0.25 1391 0.09 0.10 0.037 GRMZM2G057328 (ATCCR1,CCR1,IRX4): 
cinnamoyl coa reductase 1  





















Genes within 6800 
Bp of SNP Annotation 
S5_92802848 5 92802848 1.02E-05 0.31 1391 0.09 0.10 0.025 GRMZM2G120320 (ATWRKY40,WRKY40): 
WRKY DNA-binding protein 
40 
S5_106088856 5 106088856 7.29E-06 0.18 1391 0.09 0.10 0.022 GRMZM2G102189 Galactose oxidase/kelch 
repeat superfamily protein  
S5_106129890 5 106129890 3.26E-05 0.19 1391 0.09 0.10 0.033 GRMZM2G102189 Galactose oxidase/kelch 
repeat superfamily protein  
S5_106634957 5 106634957 1.37E-05 0.18 1391 0.09 0.10 0.027 GRMZM2G014577  Apoptosis inhibitory 
protein 5 (API5)  
S5_108641312 5 108641312 2.22E-05 0.16 1391 0.09 0.10 0.031 GRMZM2G072407 Eukaryotic protein of 
unknown function (DUF914)  
S5_117930520 5 117930520 6.09E-06 0.12 1391 0.09 0.10 0.020 GRMZM2G117700 Ribosomal protein L12/ 
ATP-dependent Clp 
protease adaptor protein 
ClpS family protein  
S5_166517075 5 166517075 6.71E-05 0.07 1391 0.09 0.10 0.043 GRMZM2G047999 Integrase-type DNA-binding 
superfamily protein  
S5_171964045 5 171964045 1.76E-06 0.05 1391 0.09 0.10 0.011 GRMZM5G839969 (AGL80,FEM111): 
AGAMOUS-like 80  
S5_172100820 5 172100820 8.66E-05 0.08 1391 0.09 0.10 0.047 GRMZM2G165631 (AtTMN1,TMN1): 
transmembrane nine 1  
S5_172100820 5 172100820 8.66E-05 0.08 1391 0.09 0.10 0.047 GRMZM2G114241 (OTP81): Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S5_175687414 5 175687414 6.54E-05 0.11 1391 0.09 0.10 0.043 GRMZM2G023988 (STOP1): C2H2 and C2HC 
zinc fingers superfamily 
protein  
S5_179790765 5 179790765 2.03E-05 0.37 1391 0.09 0.10 0.030 GRMZM2G390560 UDP-Glycosyltransferase 
superfamily protein  





















Genes within 6800 
Bp of SNP Annotation 
S5_179790765 5 179790765 2.03E-05 0.37 1391 0.09 0.10 0.030 GRMZM2G091160 CRP12 - Cysteine-rich family 
protein precursor, 
expressed  
S5_179790765 5 179790765 2.03E-05 0.37 1391 0.09 0.10 0.030 GRMZM2G091176 (UGT73B5): UDP-glucosyl 
transferase 73B5  
S5_179844272 5 179844272 1.64E-05 0.33 1391 0.09 0.10 0.028 GRMZM2G390560 UDP-Glycosyltransferase 
superfamily protein  
S5_179844272 5 179844272 1.64E-05 0.33 1391 0.09 0.10 0.028 GRMZM2G057184 ARM-
repeat/Tetratricopeptide 
repeat (TPR)-like protein  
S5_179844272 5 179844272 1.64E-05 0.33 1391 0.09 0.10 0.028 GRMZM2G056988 Protein of unknown 
function (DUF581)  
S5_179844274 5 179844274 2.44E-05 0.33 1391 0.09 0.10 0.032 GRMZM2G390560 UDP-Glycosyltransferase 
superfamily protein  
S5_179844274 5 179844274 2.44E-05 0.33 1391 0.09 0.10 0.032 GRMZM2G057184 ARM-
repeat/Tetratricopeptide 
repeat (TPR)-like protein  
S5_179844274 5 179844274 2.44E-05 0.33 1391 0.09 0.10 0.032 GRMZM2G056988 Protein of unknown 
function (DUF581)  
S5_180370661 5 180370661 3.40E-05 0.20 1391 0.09 0.10 0.034 GRMZM2G038073 (ANAC008,SOG1): NAC (No 
Apical Meristem) domain 
transcriptional regulator 
superfamily protein  
S5_186725178 5 186725178 7.46E-05 0.30 1391 0.09 0.10 0.046 GRMZM2G029048 (ATPAL1,PAL1): PHE 
ammonia lyase 1  
S5_186725178 5 186725178 7.46E-05 0.30 1391 0.09 0.10 0.046 GRMZM2G334660 (ATPAL1,PAL1): PHE 
ammonia lyase 1  
S5_188195099 5 188195099 4.09E-06 0.44 1391 0.09 0.10 0.016 GRMZM2G393673 (SCPL34): serine 
carboxypeptidase-like 34  
S5_188195101 5 188195101 4.09E-06 0.44 1391 0.09 0.10 0.016 GRMZM2G393673 (SCPL34): serine 
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S5_188195102 5 188195102 4.09E-06 0.44 1391 0.09 0.10 0.016 GRMZM2G393673 (SCPL34): serine 
carboxypeptidase-like 34  
S5_188195131 5 188195131 1.29E-06 0.45 1391 0.09 0.10 0.010 GRMZM2G393673 (SCPL34): serine 
carboxypeptidase-like 34  





superfamily protein  
S5_188393532 5 188393532 3.11E-05 0.11 1391 0.09 0.10 0.033 GRMZM2G172239 BolA-like family protein  
S5_188467607 5 188467607 4.48E-05 0.14 1391 0.09 0.10 0.037 GRMZM2G178517 (AtNIT4,NIT4): nitrilase 4  
S5_188467607 5 188467607 4.48E-05 0.14 1391 0.09 0.10 0.037 GRMZM2G178603 TCP family transcription 
factor  
S5_188467607 5 188467607 4.48E-05 0.14 1391 0.09 0.10 0.037 GRMZM2G178509 GRAM domain-containing 
protein / ABA-responsive 
protein-related  
S5_188467607 5 188467607 4.48E-05 0.14 1391 0.09 0.10 0.037 GRMZM2G178595 e2f-associated 
phosphoprotein, putative, 
expressed  
S5_188467634 5 188467634 4.48E-05 0.14 1391 0.09 0.10 0.037 GRMZM2G178517 (AtNIT4,NIT4): nitrilase 4  
S5_188467634 5 188467634 4.48E-05 0.14 1391 0.09 0.10 0.037 GRMZM2G178603 TCP family transcription 
factor  
S5_188467634 5 188467634 4.48E-05 0.14 1391 0.09 0.10 0.037 GRMZM2G178509 GRAM domain-containing 
protein / ABA-responsive 
protein-related  
S5_188467634 5 188467634 4.48E-05 0.14 1391 0.09 0.10 0.037 GRMZM2G178595 e2f-associated 
phosphoprotein, putative, 
expressed  
S5_199209615 5 199209615 3.39E-05 0.09 1391 0.09 0.10 0.034 GRMZM2G060837 (XTH30,XTR4): xyloglucan 
endotransglucosylase/hydr
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S5_204866676 5 204866676 2.95E-06 0.14 1391 0.09 0.10 0.014 GRMZM2G175875 Ribosomal protein L17 
family protein  










S5_213077900 5 213077900 6.06E-05 0.14 1391 0.09 0.10 0.042 GRMZM2G122284 (MEE16): RING/U-box 
superfamily protein  
S5_214404494 5 214404494 8.51E-05 0.09 1391 0.09 0.10 0.047 GRMZM2G092632 (CLPP6,NCLPP1,NCLPP6): 
CLP protease proteolytic 
subunit 6  
S5_214404494 5 214404494 8.51E-05 0.09 1391 0.09 0.10 0.047 GRMZM2G030465 (IAA13): auxin-induced 
protein 13 
S5_214952422 5 214952422 2.63E-05 0.34 1391 0.09 0.10 0.033 GRMZM5G857701 (anac074,NAC074): NAC 
domain containing protein 
74 
S6_58561008 6 58561008 8.30E-05 0.20 1391 0.09 0.10 0.047 GRMZM2G095252 (CPN60B,LEN1): chaperonin 
60 beta  
S6_58561008 6 58561008 8.30E-05 0.20 1391 0.09 0.10 0.047 GRMZM2G133698 TCP-1/cpn60 chaperonin 
family protein  
S6_85412122 6 85412122 6.49E-06 0.26 1391 0.09 0.10 0.020 GRMZM2G048430 Plant invertase/pectin 
methylesterase inhibitor 
superfamily protein  






















Genes within 6800 
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S6_85412122 6 85412122 6.49E-06 0.26 1391 0.09 0.10 0.020 GRMZM2G048644 Protein of unknown 
function (DUF544)  
S6_85412330 6 85412330 1.60E-05 0.26 1391 0.09 0.10 0.028 GRMZM2G048430 Plant invertase/pectin 
methylesterase inhibitor 
superfamily protein  
S6_85412330 6 85412330 1.60E-05 0.26 1391 0.09 0.10 0.028 GRMZM2G048561 calcineurin B subunit-
related  
S6_85412330 6 85412330 1.60E-05 0.26 1391 0.09 0.10 0.028 GRMZM2G048644 Protein of unknown 
function (DUF544)  
S6_85414004 6 85414004 8.82E-05 0.25 1391 0.09 0.10 0.048 GRMZM2G048430 Plant invertase/pectin 
methylesterase inhibitor 
superfamily protein  
S6_85414004 6 85414004 8.82E-05 0.25 1391 0.09 0.10 0.048 GRMZM2G048561 calcineurin B subunit-
related  
S6_85414004 6 85414004 8.82E-05 0.25 1391 0.09 0.10 0.048 GRMZM2G048644 Protein of unknown 
function (DUF544)  
S6_85798174 6 85798174 4.59E-05 0.27 1391 0.09 0.10 0.037 GRMZM2G365961 prephenate dehydrogenase 
family protein  
S6_85798184 6 85798184 4.94E-05 0.28 1391 0.09 0.10 0.038 GRMZM2G365961 prephenate dehydrogenase 
family protein  
S6_85798187 6 85798187 4.94E-05 0.28 1391 0.09 0.10 0.038 GRMZM2G365961 prephenate dehydrogenase 
family protein  
S6_86627731 6 86627731 1.89E-05 0.19 1391 0.09 0.10 0.029 GRMZM2G181649 (CID11): CTC-interacting 
domain 11  
S6_86627731 6 86627731 1.89E-05 0.19 1391 0.09 0.10 0.029 GRMZM2G378770 60S acidic ribosomal protein 
family  
S6_90932048 6 90932048 7.59E-05 0.17 1391 0.09 0.10 0.046 GRMZM2G343068 (ATMYB33,MYB33): myb 
domain protein 33  
S6_96329922 6 96329922 3.61E-05 0.23 1391 0.09 0.10 0.035 AC209050.3_FG00
3 
(ATWRKY40,WRKY40): 
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S6_96329922 6 96329922 3.61E-05 0.23 1391 0.09 0.10 0.035 GRMZM5G848603  alpha/beta-Hydrolases 
superfamily protein  
S6_124025725 6 124025725 8.82E-05 0.47 1391 0.09 0.10 0.048 GRMZM2G126484 kelch repeat-containing 
protein, putative, expressed  
S6_124026042 6 124026042 8.73E-05 0.46 1391 0.09 0.10 0.048 GRMZM2G126484 kelch repeat-containing 
protein, putative, expressed  




S6_124855815 6 124855815 5.88E-05 0.09 1391 0.09 0.10 0.041 GRMZM2G174621 (FQR1): flavodoxin-like 
quinone reductase 1  
S6_126371299 6 126371299 8.08E-05 0.19 1391 0.09 0.10 0.046 AC207728.2_FG00
3 
suppressor of Mek, 
putative, expressed  
S6_126790864 6 126790864 8.82E-05 0.19 1391 0.09 0.10 0.048 GRMZM2G159369 (ATPDI11,ATPDIL2-
1,MEE30,PDI11,UNE5): 
thioredoxin family protein  
S6_130590950 6 130590950 2.81E-05 0.09 1391 0.09 0.10 0.033 GRMZM2G149201 Leucine-rich repeat (LRR) 
family protein  
S6_130759105 6 130759105 2.84E-05 0.07 1391 0.09 0.10 0.033 GRMZM2G106233 (MFP1): MAR binding 
filament-like protein 1  
S6_130841169 6 130841169 1.27E-06 0.09 1391 0.09 0.10 0.010 GRMZM2G066341 Protein of unknown 
function (DUF581)  
S6_134148722 6 134148722 8.64E-05 0.09 1391 0.09 0.10 0.047 GRMZM2G044301 Transcription factor jumonji 
(jmj) family protein / zinc 
finger (C5HC2 type) family 
protein  
S6_134565969 6 134565969 2.41E-05 0.32 1391 0.09 0.10 0.032 GRMZM2G100067 RAD3-like DNA-binding 
helicase protein  
S6_134565969 6 134565969 2.41E-05 0.32 1391 0.09 0.10 0.032 GRMZM5G870381 RAD3-like DNA-binding 
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S6_134565969 6 134565969 2.41E-05 0.32 1391 0.09 0.10 0.032 GRMZM2G100133 (ATOFP7,OFP7): ovate 
family protein 7  
S6_134650360 6 134650360 1.66E-06 0.45 1391 0.09 0.10 0.011 GRMZM2G061469 (SLAH3): SLAC1 homologue 
3 
S6_144784636 6 144784636 4.00E-05 0.15 1391 0.09 0.10 0.035 GRMZM2G087758 Chaperone DnaJ-domain 
superfamily protein  
S6_147880140 6 147880140 1.76E-05 0.29 1391 0.09 0.10 0.029 GRMZM2G180328 (ANAC002,ATAF1): NAC (No 
Apical Meristem) domain 
transcriptional regulator 
superfamily protein  
S6_147880140 6 147880140 1.76E-05 0.29 1391 0.09 0.10 0.029 GRMZM2G018971 DUF803 domain containing, 
putative, expressed  
S6_147880140 6 147880140 1.76E-05 0.29 1391 0.09 0.10 0.029 GRMZM2G456512 DUF630/DUF632 domains 
containing protein, 
putative, expressed  
S6_147887743 6 147887743 5.13E-05 0.14 1391 0.09 0.10 0.039 GRMZM2G456512 Protein of unknown 
function (DUF630 and 
DUF632)  
S6_147887743 6 147887743 5.13E-05 0.14 1391 0.09 0.10 0.039 GRMZM2G018971 Protein of unknown 
function (DUF803)  
S6_149678160 6 149678160 8.06E-05 0.45 1391 0.09 0.10 0.046 GRMZM2G000816 Eukaryotic protein of 
unknown function (DUF914)  
S6_149678163 6 149678163 4.54E-05 0.44 1391 0.09 0.10 0.037 GRMZM2G000816 Eukaryotic protein of 
unknown function (DUF914)  
S6_149719096 6 149719096 2.85E-05 0.18 1391 0.09 0.10 0.033 GRMZM2G171139 (CYP94C1): cytochrome 
P450, family 94, subfamily 
C, polypeptide 1  
S6_149836032 6 149836032 1.81E-05 0.36 1391 0.09 0.10 0.029 GRMZM2G131756 (DML1,ROS1): demeter-like 
1 
S6_150512702 6 150512702 7.91E-05 0.09 1391 0.09 0.10 0.046 GRMZM2G011169 alpha/beta-Hydrolases 
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S6_150512702 6 150512702 7.91E-05 0.09 1391 0.09 0.10 0.046 GRMZM2G118037 Proteinase inhibitor, 
propeptide 
S6_150689387 6 150689387 1.89E-05 0.10 1391 0.09 0.10 0.029 GRMZM2G077662 GTP-binding family protein  
S6_150689387 6 150689387 1.89E-05 0.10 1391 0.09 0.10 0.029 GRMZM2G077789 (ATMYB4,MYB4): myb 
domain protein 4  
S6_150695207 6 150695207 4.39E-05 0.10 1391 0.09 0.10 0.037 GRMZM2G077621 Protein of unknown 
function (DUF668)  
S6_150695207 6 150695207 4.39E-05 0.10 1391 0.09 0.10 0.037 GRMZM2G077662 GTP-binding family protein  
S6_150695207 6 150695207 4.39E-05 0.10 1391 0.09 0.10 0.037 GRMZM2G077789 (ATMYB4,MYB4): myb 
domain protein 4  
S6_150736439 6 150736439 2.15E-05 0.16 1391 0.09 0.10 0.031 GRMZM2G066153  C2 calcium/lipid-binding 
plant 
phosphoribosyltransferase 
family protein  
S6_150736439 6 150736439 2.15E-05 0.16 1391 0.09 0.10 0.031 AC194828.3_FG00
4 
PAR1 protein  
S6_150736657 6 150736657 8.03E-05 0.17 1391 0.09 0.10 0.046 GRMZM2G066153 C2 calcium/lipid-binding 
plant 
phosphoribosyltransferase 
family protein  
S6_150736657 6 150736657 8.03E-05 0.17 1391 0.09 0.10 0.046 AC194828.3_FG00
4 
PAR1 protein  
S6_150772349 6 150772349 2.10E-05 0.12 1391 0.09 0.10 0.030 GRMZM2G067036 (AtIPCS1): Arabidopsis 
Inositol 
phosphorylceramide 
synthase 1  
S6_150772349 6 150772349 2.10E-05 0.12 1391 0.09 0.10 0.030 GRMZM2G067117 harpin-induced protein 1 
domain containing protein, 
expressed  





















Genes within 6800 
Bp of SNP Annotation 
S6_150886817 6 150886817 3.86E-05 0.16 1391 0.09 0.10 0.035 GRMZM2G093272 Adenine nucleotide alpha 
hydrolases-like superfamily 
protein  
S6_151543745 6 151543745 3.46E-05 0.13 1391 0.09 0.10 0.034 GRMZM2G146152 (ATLAC17,LAC17): laccase 
17 
S6_153100632 6 153100632 1.39E-05 0.46 1391 0.09 0.10 0.027 GRMZM2G396076 DNA repair metallo-beta-
lactamase family protein  
S6_153100632 6 153100632 1.39E-05 0.46 1391 0.09 0.10 0.027 GRMZM2G047762 (ZIP1): zinc transporter 1 
precursor  
S6_153229787 6 153229787 1.02E-05 0.45 1391 0.09 0.10 0.025 AC209257.4_FG00
6 
Integrase-type DNA-binding 
superfamily protein  
S6_153229787 6 153229787 1.02E-05 0.45 1391 0.09 0.10 0.025 AC212394.4_FG01
0 
(CDKB2;1): cyclin-
dependent kinase B2;1  
S6_153229787 6 153229787 1.02E-05 0.45 1391 0.09 0.10 0.025 GRMZM5G869403 (ATEXO70B1,EXO70B1): 
exocyst subunit exo70 
family protein B1  
S6_153229787 6 153229787 1.02E-05 0.45 1391 0.09 0.10 0.025 AC209257.4_FG00
3 
 Glutaredoxin family protein  
S6_153229787 6 153229787 1.02E-05 0.45 1391 0.09 0.10 0.025 AC209257.4_FG00
4 
DEFL4 - Defensin and 
Defensin-like DEFL family, 
expressed  
S6_153229824 6 153229824 1.79E-06 0.47 1391 0.09 0.10 0.011 AC209257.4_FG00
6 
Integrase-type DNA-binding 
superfamily protein  
S6_153229824 6 153229824 1.79E-06 0.47 1391 0.09 0.10 0.011 AC212394.4_FG01
0 
(CDKB2;1): cyclin-
dependent kinase B2;1  
S6_153229824 6 153229824 1.79E-06 0.47 1391 0.09 0.10 0.011 GRMZM5G869403 (ATEXO70B1,EXO70B1): 
exocyst subunit exo70 
family protein B1  
S6_153229824 6 153229824 1.79E-06 0.47 1391 0.09 0.10 0.011 AC209257.4_FG00
3 





















Genes within 6800 
Bp of SNP Annotation 
S6_153229824 6 153229824 1.79E-06 0.47 1391 0.09 0.10 0.011 AC209257.4_FG00
4 
DEFL4 - Defensin and 
Defensin-like DEFL family, 
expressed  
S6_153843846 6 153843846 7.05E-05 0.38 1391 0.09 0.10 0.044 GRMZM2G026927 (ATOFP4,OFP4): ovate 
family protein 4  
S6_162601738 6 162601738 5.96E-05 0.36 1391 0.09 0.10 0.041 GRMZM2G061568 (ATLPP2,ATPAP2,LPP2): lipid 
phosphate phosphatase 2  
S6_162601738 6 162601738 5.96E-05 0.36 1391 0.09 0.10 0.041 GRMZM2G061663 RING/U-box superfamily 
protein  
S6_162601742 6 162601742 6.39E-05 0.35 1391 0.09 0.10 0.042 GRMZM2G061568 (ATLPP2,ATPAP2,LPP2): lipid 
phosphate phosphatase 2  
S6_162601742 6 162601742 6.39E-05 0.35 1391 0.09 0.10 0.042 GRMZM2G061663 RING/U-box superfamily 
protein  
S6_162604684 6 162604684 9.43E-07 0.15 1391 0.09 0.10 0.010 GRMZM2G061663 RING/U-box superfamily 
protein  
S6_162604684 6 162604684 9.43E-07 0.15 1391 0.09 0.10 0.010 GRMZM2G061568 (ATLPP2,ATPAP2,LPP2): lipid 
phosphate phosphatase 2  





S6_163014254 6 163014254 1.68E-05 0.31 1391 0.09 0.10 0.028 GRMZM2G057251 (ATSYP71,SYP71): syntaxin 
of plants 71  
S6_163014254 6 163014254 1.68E-05 0.31 1391 0.09 0.10 0.028 GRMZM2G057369 (ASF1B,SGA01,SGA1): anti- 
silencing function 1b  
S6_163014254 6 163014254 1.68E-05 0.31 1391 0.09 0.10 0.028 GRMZM2G057508 Rab5-interacting family 
protein  
S6_163179226 6 163179226 2.88E-06 0.06 1391 0.09 0.10 0.013 GRMZM2G481261 2Fe-2S ferredoxin-like 





















Genes within 6800 
Bp of SNP Annotation 
S6_163179226 6 163179226 2.88E-06 0.06 1391 0.09 0.10 0.013 GRMZM2G181104 Protein phosphatase 2A 
regulatory B subunit family 
protein  
S6_163854039 6 163854039 3.95E-05 0.38 1391 0.09 0.10 0.035 GRMZM2G381709 (ATUBC24,PHO2,UBC24): 
phosphate 2  
S6_163854039 6 163854039 3.95E-05 0.38 1391 0.09 0.10 0.035 GRMZM2G085641 alpha/beta-Hydrolases 
superfamily protein  
S6_163854039 6 163854039 3.95E-05 0.38 1391 0.09 0.10 0.035 GRMZM2G085675 (NFD1): Ribosomal protein 
L21  
S6_166170826 6 166170826 7.42E-05 0.14 1391 0.09 0.10 0.046 GRMZM2G114592 DNA glycosylase 
superfamily protein  
S6_166170826 6 166170826 7.42E-05 0.14 1391 0.09 0.10 0.046 GRMZM2G114578 AMP-dependent synthetase 
and ligase family protein  
S6_166170826 6 166170826 7.42E-05 0.14 1391 0.09 0.10 0.046 GRMZM2G414844 (ATHB22,HB22,MEE68): 
homeobox protein 22  
S7_922357 7 922357 1.46E-05 0.08 1391 0.09 0.10 0.028 GRMZM2G020104 (ATGLR3.4,GLR3.4,GLUR3): 
glutamate receptor 3.4  
S7_922495 7 922495 1.45E-06 0.07 1391 0.09 0.10 0.011 GRMZM2G020104 (ATGLR3.4,GLR3.4,GLUR3): 
glutamate receptor 3.4  
S7_1317269 7 1317269 1.19E-06 0.45 1391 0.09 0.10 0.010 GRMZM2G120563 Calcium-dependent lipid-
binding (CaLB domain) 
family protein  
S7_1317269 7 1317269 1.19E-06 0.45 1391 0.09 0.10 0.010 GRMZM2G555108 Transducin/WD40 repeat-
like superfamily protein  
S7_2615969 7 2615969 7.22E-05 0.23 1391 0.09 0.10 0.045 GRMZM2G015654 (ATFT1,ATFUT1,FT1,MUR2): 
fucosyltransferase 1  
S7_2747413 7 2747413 1.40E-05 0.14 1391 0.09 0.10 0.027 GRMZM5G810231 OsFBL33 - F-box domain 
and LRR containing protein, 
expressed  





















Genes within 6800 
Bp of SNP Annotation 
S7_2747427 7 2747427 1.40E-05 0.14 1391 0.09 0.10 0.027 GRMZM5G810231 OsFBL33 - F-box domain 
and LRR containing protein, 
expressed  
S7_3892074 7 3892074 8.16E-05 0.17 1391 0.09 0.10 0.046 GRMZM2G148831 stress-induced protein, 
putative, expressed  
S7_8701577 7 8701577 6.23E-06 0.44 1391 0.09 0.10 0.020 GRMZM2G011742 FRIGIDA-like protein  
S7_8702036 7 8702036 2.61E-06 0.43 1391 0.09 0.10 0.013 GRMZM2G011742 FRIGIDA-like protein  
S7_13176585 7 13176585 2.77E-05 0.48 1391 0.09 0.10 0.033 GRMZM2G144653 (ATTRX H1,ATTRX1,TRX1): 
thioredoxin H-type 1  
S7_13398348 7 13398348 8.42E-05 0.42 1391 0.09 0.10 0.047 GRMZM2G117369 FAD-linked oxidases family 
protein  
S7_13615721 7 13615721 4.41E-05 0.29 1391 0.09 0.10 0.037 GRMZM2G458494 Major facilitator 
superfamily protein  
S7_13615721 7 13615721 4.41E-05 0.29 1391 0.09 0.10 0.037 GRMZM2G158489 (PHF1): phosphate 
transporter traffic 
facilitator1  
S7_13615721 7 13615721 4.41E-05 0.29 1391 0.09 0.10 0.037 GRMZM2G022616 Leucine Rich Repeat family 
protein, expressed  
S7_14459910 7 14459910 5.23E-05 0.34 1391 0.09 0.10 0.039 GRMZM2G104325 (AHA11,HA11): H(+)-ATPase 
11 
S7_46304649 7 46304649 8.58E-05 0.09 1391 0.09 0.10 0.047 GRMZM5G803610 Trimeric LpxA-like enzymes 
superfamily protein  
S7_46304649 7 46304649 8.58E-05 0.09 1391 0.09 0.10 0.047 GRMZM2G078424 (PNT1): 
mannosyltransferase family 
protein  
S7_46333507 7 46333507 1.84E-05 0.09 1391 0.09 0.10 0.029 GRMZM5G868168 (ATNAP11,NAP11,TGD3): 
non-intrinsic ABC protein 11  
S7_46481332 7 46481332 3.07E-05 0.31 1391 0.09 0.10 0.033 GRMZM2G011129 (ATRBP31,ATRBP33,CP31,R






















Genes within 6800 
Bp of SNP Annotation 
S7_46481332 7 46481332 3.07E-05 0.31 1391 0.09 0.10 0.033 GRMZM2G308441 isochorismatase family 
protein, putative, expressed  
S7_93389680 7 93389680 2.28E-05 0.06 1391 0.09 0.10 0.031 GRMZM2G115670 (CYCT1;4): Cyclin family 
protein  
S7_94857069 7 94857069 6.60E-05 0.35 1391 0.09 0.10 0.043 GRMZM5G843174 retrotransposon protein, 
putative, unclassified, 
expressed  
S7_97337344 7 97337344 1.92E-05 0.49 1391 0.09 0.10 0.029 GRMZM2G132184 Protein kinase superfamily 
protein  
S7_100523905 7 100523905 3.74E-05 0.20 1391 0.09 0.10 0.035 GRMZM2G126413 VQ motif-containing protein  
S7_100524600 7 100524600 5.86E-05 0.27 1391 0.09 0.10 0.041 GRMZM2G126413 VQ motif-containing protein  
S7_100524634 7 100524634 2.84E-05 0.28 1391 0.09 0.10 0.033 GRMZM2G126413 VQ motif-containing protein  
S7_100804760 7 100804760 1.12E-06 0.43 1391 0.09 0.10 0.010 GRMZM2G176759 Major facilitator 
superfamily protein  
S7_100804760 7 100804760 1.12E-06 0.43 1391 0.09 0.10 0.010 GRMZM2G176780 (UNE2): Major facilitator 
superfamily protein  
S7_100804760 7 100804760 1.12E-06 0.43 1391 0.09 0.10 0.010 GRMZM2G176721 Major facilitator 
superfamily protein  
S7_100804832 7 100804832 1.31E-05 0.47 1391 0.09 0.10 0.027 GRMZM2G176759 Major facilitator 
superfamily protein  
S7_100804832 7 100804832 1.31E-05 0.47 1391 0.09 0.10 0.027 GRMZM2G176780 (UNE2): Major facilitator 
superfamily protein  
S7_100804832 7 100804832 1.31E-05 0.47 1391 0.09 0.10 0.027 GRMZM2G176721 Major facilitator 
superfamily protein  
S7_100805646 7 100805646 7.12E-07 0.44 1391 0.09 0.10 0.010 GRMZM2G176759 Major facilitator 
superfamily protein  
S7_100805646 7 100805646 7.12E-07 0.44 1391 0.09 0.10 0.010 GRMZM2G176780 (UNE2): Major facilitator 
superfamily protein  
S7_100805646 7 100805646 7.12E-07 0.44 1391 0.09 0.10 0.010 GRMZM2G176721 Major facilitator 





















Genes within 6800 
Bp of SNP Annotation 
S7_103297819 7 103297819 7.26E-05 0.49 1391 0.09 0.10 0.045 GRMZM2G172065 RING/U-box superfamily 
protein  
S7_103305137 7 103305137 5.25E-05 0.46 1391 0.09 0.10 0.039 GRMZM2G172065 RING/U-box superfamily 
protein  
S7_103947088 7 103947088 7.87E-05 0.30 1391 0.09 0.10 0.046 GRMZM2G175910 UDP-Glycosyltransferase 
superfamily protein  
S7_105362359 7 105362359 3.67E-05 0.41 1391 0.09 0.10 0.035 GRMZM2G476685 (ATCYCD1;1,CYCD1;1): 
CYCLIN D1;1  
S7_105362741 7 105362741 2.28E-06 0.48 1391 0.09 0.10 0.012 GRMZM2G476685 (ATCYCD1;1,CYCD1;1): 
CYCLIN D1;1  
S7_105364711 7 105364711 2.62E-07 0.50 1391 0.09 0.10 0.006 GRMZM2G476685 (ATCYCD1;1,CYCD1;1): 
CYCLIN D1;1  
S7_105364725 7 105364725 1.71E-08 0.44 1391 0.09 0.11 0.001 GRMZM2G476685 (ATCYCD1;1,CYCD1;1): 
CYCLIN D1;1  
S7_105364741 7 105364741 1.71E-08 0.44 1391 0.09 0.11 0.001 GRMZM2G476685 (ATCYCD1;1,CYCD1;1): 
CYCLIN D1;1  
S7_105364743 7 105364743 3.49E-07 0.50 1391 0.09 0.10 0.007 GRMZM2G476685 (ATCYCD1;1,CYCD1;1): 
CYCLIN D1;1  
S7_105628618 7 105628618 7.70E-06 0.40 1391 0.09 0.10 0.023 GRMZM2G100090 RING/U-box superfamily 
protein with ARM repeat 
domain  
S7_105628645 7 105628645 8.39E-06 0.40 1391 0.09 0.10 0.023 GRMZM2G100090 RING/U-box superfamily 
protein with ARM repeat 
domain  
S7_105629529 7 105629529 4.41E-05 0.23 1391 0.09 0.10 0.037 GRMZM2G100090 RING/U-box superfamily 
protein with ARM repeat 
domain  
S7_105629541 7 105629541 2.17E-05 0.22 1391 0.09 0.10 0.031 GRMZM2G100090 RING/U-box superfamily 






















Genes within 6800 
Bp of SNP Annotation 
S7_106078238 7 106078238 3.30E-05 0.25 1391 0.09 0.10 0.034 GRMZM2G046600 alpha/beta-Hydrolases 
superfamily protein  
S7_106078370 7 106078370 1.45E-06 0.26 1391 0.09 0.10 0.011 GRMZM2G046600 alpha/beta-Hydrolases 
superfamily protein  
S7_106467784 7 106467784 7.32E-06 0.32 1391 0.09 0.10 0.022 GRMZM2G372961 retrotransposon protein, 
putative, unclassified, 
expressed  
S7_106784548 7 106784548 3.80E-05 0.19 1391 0.09 0.10 0.035 GRMZM2G151921 DNAse I-like superfamily 
protein  
S7_106784563 7 106784563 3.80E-05 0.19 1391 0.09 0.10 0.035 GRMZM2G151921 DNAse I-like superfamily 
protein  
S7_106784566 7 106784566 3.80E-05 0.19 1391 0.09 0.10 0.035 GRMZM2G151921 DNAse I-like superfamily 
protein  
S7_106784642 7 106784642 8.64E-05 0.13 1391 0.09 0.10 0.047 GRMZM2G151921 DNAse I-like superfamily 
protein  
S7_108843811 7 108843811 2.85E-05 0.09 1391 0.09 0.10 0.033 GRMZM2G126507 (JAZ1,TIFY10A): jasmonate-
zim-domain protein 1  
S7_115182294 7 115182294 8.02E-06 0.13 1391 0.09 0.10 0.023 GRMZM2G171408 ARM repeat superfamily 
protein 
S7_115310293 7 115310293 5.53E-05 0.11 1391 0.09 0.10 0.040 GRMZM2G125653 (ATWRKY40,WRKY40): 
WRKY DNA-binding protein 
40 
S7_117975644 7 117975644 4.80E-06 0.49 1391 0.09 0.10 0.017 GRMZM2G009091 queuine tRNA-
ribosyltransferase, putative, 
expressed  
S7_118289896 7 118289896 7.61E-05 0.32 1391 0.09 0.10 0.046 GRMZM2G040945 HAD-superfamily hydrolase, 
subfamily IG, 5\'-
nucleotidase  
S7_118306535 7 118306535 4.36E-05 0.28 1391 0.09 0.10 0.037 GRMZM2G041175 (TET8): tetraspanin8  





















Genes within 6800 
Bp of SNP Annotation 
S7_118306535 7 118306535 4.36E-05 0.28 1391 0.09 0.10 0.037 GRMZM2G040945 HAD-superfamily hydrolase, 
subfamily IG, 5\'-
nucleotidase  
S7_118306535 7 118306535 4.36E-05 0.28 1391 0.09 0.10 0.037 GRMZM2G339728 retrotransposon protein, 
putative, unclassified, 
expressed  
S7_118306577 7 118306577 2.89E-05 0.29 1391 0.09 0.10 0.033 GRMZM2G041175 (TET8): tetraspanin8  
S7_118306577 7 118306577 2.89E-05 0.29 1391 0.09 0.10 0.033 GRMZM2G040945 HAD-superfamily hydrolase, 
subfamily IG, 5\'-
nucleotidase  
S7_118306577 7 118306577 2.89E-05 0.29 1391 0.09 0.10 0.033 GRMZM2G339728 retrotransposon protein, 
putative, unclassified, 
expressed  
S7_118307964 7 118307964 2.00E-06 0.16 1391 0.09 0.10 0.011 GRMZM2G041175 (TET8): tetraspanin8  
S7_118307964 7 118307964 2.00E-06 0.16 1391 0.09 0.10 0.011 GRMZM2G040945 HAD-superfamily hydrolase, 
subfamily IG, 5\'-
nucleotidase  
S7_118307964 7 118307964 2.00E-06 0.16 1391 0.09 0.10 0.011 GRMZM2G339728 retrotransposon protein, 
putative, unclassified, 
expressed  
S7_118307966 7 118307966 2.00E-06 0.16 1391 0.09 0.10 0.011 GRMZM2G041175 (TET8): tetraspanin8  
S7_118307966 7 118307966 2.00E-06 0.16 1391 0.09 0.10 0.011 GRMZM2G040945 HAD-superfamily hydrolase, 
subfamily IG, 5\'-
nucleotidase  
S7_118307966 7 118307966 2.00E-06 0.16 1391 0.09 0.10 0.011 GRMZM2G339728 retrotransposon protein, 
putative, unclassified, 
expressed  
           





















Genes within 6800 
Bp of SNP Annotation 
S7_119130885 7 119130885 4.25E-05 0.22 1391 0.09 0.10 0.037 GRMZM2G158636 pentatricopeptide (PPR) 
repeat-containing protein / 
CBS domain-containing 
protein  
S7_120201871 7 120201871 7.08E-05 0.18 1391 0.09 0.10 0.044 GRMZM2G138976 ARID/BRIGHT DNA-binding 
domain-containing protein  
S7_120201871 7 120201871 7.08E-05 0.18 1391 0.09 0.10 0.044 GRMZM2G138727 PROLM23 - Prolamin 
precursor, expressed  
S7_120201889 7 120201889 7.68E-05 0.16 1391 0.09 0.10 0.046 GRMZM2G138976 ARID/BRIGHT DNA-binding 
domain-containing protein  
S7_120201889 7 120201889 7.68E-05 0.16 1391 0.09 0.10 0.046 GRMZM2G138727 PROLM23 - Prolamin 
precursor, expressed  
S7_121191933 7 121191933 1.09E-06 0.32 1391 0.09 0.10 0.010 GRMZM2G168020 major ampullate spidroin 2, 
putative, expressed  
S7_121191933 7 121191933 1.09E-06 0.32 1391 0.09 0.10 0.010 GRMZM2G469409 (emb1187): Protein kinase 
superfamily protein  
S7_121192632 7 121192632 4.21E-05 0.47 1391 0.09 0.10 0.037 GRMZM2G469409 (emb1187): Protein kinase 
superfamily protein  
S7_121192632 7 121192632 4.21E-05 0.47 1391 0.09 0.10 0.037 GRMZM2G168020 major ampullate spidroin 2, 
putative, expressed  
S7_121192685 7 121192685 9.61E-05 0.41 1391 0.09 0.10 0.050 GRMZM2G469409 (emb1187): Protein kinase 
superfamily protein  
S7_121192685 7 121192685 9.61E-05 0.41 1391 0.09 0.10 0.050 GRMZM2G168020 major ampullate spidroin 2, 
putative, expressed  
S7_121676937 7 121676937 4.36E-06 0.41 1391 0.09 0.10 0.016 GRMZM2G172320 keratin-associated protein 
5-4, putative, expressed  
S7_121676978 7 121676978 2.59E-05 0.41 1391 0.09 0.10 0.032 GRMZM2G172320 keratin-associated protein 
5-4, putative, expressed  
S7_121677026 7 121677026 5.23E-06 0.46 1391 0.09 0.10 0.018 GRMZM2G172320 keratin-associated protein 





















Genes within 6800 
Bp of SNP Annotation 
S7_121677032 7 121677032 1.61E-05 0.47 1391 0.09 0.10 0.028 GRMZM2G172320 keratin-associated protein 
5-4, putative, expressed  
S7_121816050 7 121816050 2.87E-05 0.21 1391 0.09 0.10 0.033 GRMZM2G004207 Protein kinase superfamily 
protein  
S7_121816629 7 121816629 6.16E-05 0.22 1391 0.09 0.10 0.042 GRMZM2G004207 Protein kinase superfamily 
protein  
S7_121816641 7 121816641 5.15E-05 0.22 1391 0.09 0.10 0.039 GRMZM2G004207 Protein kinase superfamily 
protein  
S7_121982515 7 121982515 9.47E-06 0.24 1391 0.09 0.10 0.024 GRMZM2G038636 (AALP,ALP,SAG2): aleurain-
like protease  
S7_122070868 7 122070868 7.90E-05 0.27 1391 0.09 0.10 0.046 GRMZM2G050172 (AT-RSH3,ATRSH3,RSH3): 
RELA/SPOT homolog 3  
S7_122070868 7 122070868 7.90E-05 0.27 1391 0.09 0.10 0.046 GRMZM2G086714 AT1G54130.1(AT-
RSH3,ATRSH3,RSH3): 
RELA/SPOT homolog 3  
S7_122070868 7 122070868 7.90E-05 0.27 1391 0.09 0.10 0.046 GRMZM2G388045 (ATGEX1,GEX1): gamete 
expressed protein 1  
S7_122070869 7 122070869 7.90E-05 0.27 1391 0.09 0.10 0.046 GRMZM2G050172 (AT-RSH3,ATRSH3,RSH3): 
RELA/SPOT homolog 3  
S7_122070869 7 122070869 7.90E-05 0.27 1391 0.09 0.10 0.046 GRMZM2G086714 (AT-RSH3,ATRSH3,RSH3): 
RELA/SPOT homolog 3  
S7_122070869 7 122070869 7.90E-05 0.27 1391 0.09 0.10 0.046 GRMZM2G388045 (ATGEX1,GEX1): gamete 
expressed protein 1  
S7_122073695 7 122073695 3.74E-07 0.31 1391 0.09 0.10 0.007 GRMZM2G050172 (AT-RSH3,ATRSH3,RSH3): 
RELA/SPOT homolog 3  
S7_122073695 7 122073695 3.74E-07 0.31 1391 0.09 0.10 0.007 GRMZM2G086714 (AT-RSH3,ATRSH3,RSH3): 
RELA/SPOT homolog 3  
S7_122073695 7 122073695 3.74E-07 0.31 1391 0.09 0.10 0.007 GRMZM2G388045 (ATGEX1,GEX1): gamete 
expressed protein 1  
S7_122073698 7 122073698 2.84E-05 0.28 1391 0.09 0.10 0.033 GRMZM2G050172 (AT-RSH3,ATRSH3,RSH3): 
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S7_122073698 7 122073698 2.84E-05 0.28 1391 0.09 0.10 0.033 GRMZM2G086714 AT1G54130.1(AT-
RSH3,ATRSH3,RSH3): 
RELA/SPOT homolog 3  
S7_122073698 7 122073698 2.84E-05 0.28 1391 0.09 0.10 0.033 GRMZM2G388045 (ATGEX1,GEX1): gamete 
expressed protein 1  
S7_124382048 7 124382048 7.76E-06 0.19 1391 0.09 0.10 0.023 GRMZM2G389173 (ATPDI10,ATPDIL2-
2,PDI10,PDIL2-2): PDI-like 2-
2 
S7_124403369 7 124403369 1.33E-06 0.20 1391 0.09 0.10 0.011 GRMZM2G092409 DNA-binding storekeeper 
protein-related 
transcriptional regulator  
S7_124403373 7 124403373 1.59E-06 0.20 1391 0.09 0.10 0.011 GRMZM2G092409 DNA-binding storekeeper 
protein-related 
transcriptional regulator  
S7_137514390 7 137514390 1.09E-05 0.24 1391 0.09 0.10 0.025 GRMZM2G066202 (AIR12): auxin-responsive 
family protein  
S7_137514390 7 137514390 1.09E-05 0.24 1391 0.09 0.10 0.025 GRMZM2G066219 Auxin-responsive family 
protein  
S7_137514390 7 137514390 1.09E-05 0.24 1391 0.09 0.10 0.025 GRMZM2G065868 Ribosomal protein L32e  
S7_140707833 7 140707833 4.18E-06 0.43 1391 0.09 0.10 0.016 GRMZM2G043650 DNA binding 
S7_140707833 7 140707833 4.18E-06 0.43 1391 0.09 0.10 0.016 GRMZM2G043600 Basic-leucine zipper (bZIP) 
transcription factor family 
protein  
S7_140707833 7 140707833 4.18E-06 0.43 1391 0.09 0.10 0.016 GRMZM2G043636 Molecular chaperone 
Hsp40/DnaJ family protein  
S7_140709870 7 140709870 3.07E-05 0.40 1391 0.09 0.10 0.033 GRMZM2G043650 DNA binding  
S7_140709870 7 140709870 3.07E-05 0.40 1391 0.09 0.10 0.033 GRMZM2G043600 Basic-leucine zipper (bZIP) 
transcription factor family 
protein  
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S7_140709870 7 140709870 3.07E-05 0.40 1391 0.09 0.10 0.033 GRMZM2G043636 Molecular chaperone 
Hsp40/DnaJ family protein  
S7_141546601 7 141546601 3.55E-05 0.27 1391 0.09 0.10 0.034 GRMZM2G089241 (AtUGT85A2,UGT85A2): 
UDP-glucosyl transferase 
85A2  
S7_158959978 7 158959978 8.80E-05 0.44 1391 0.09 0.10 0.048 GRMZM2G081782 zinc finger (C2H2 type, AN1-
like) family protein  
S7_158959978 7 158959978 8.80E-05 0.44 1391 0.09 0.10 0.048 GRMZM2G081668 TatD related DNase  
S7_158959978 7 158959978 8.80E-05 0.44 1391 0.09 0.10 0.048 GRMZM2G081803 Chaperonin-like RbcX 
protein  
S7_158960009 7 158960009 8.53E-05 0.48 1391 0.09 0.10 0.047 GRMZM2G081782 zinc finger (C2H2 type, AN1-
like) family protein  
S7_158960009 7 158960009 8.53E-05 0.48 1391 0.09 0.10 0.047 GRMZM2G081668 TatD related DNase  
S7_158960009 7 158960009 8.53E-05 0.48 1391 0.09 0.10 0.047 GRMZM2G081803 Chaperonin-like RbcX 
protein  
S7_161958761 7 161958761 5.25E-05 0.18 1391 0.09 0.10 0.039 GRMZM2G180490 Phototropic-responsive 
NPH3 family protein  
S7_162671654 7 162671654 9.82E-06 0.42 1391 0.09 0.10 0.025 GRMZM2G053338 (AUR3,BRU6,GH3-
2,GH3.2,YDK1): Auxin-
responsive GH3 family 
protein  
S7_162710260 7 162710260 3.75E-06 0.32 1391 0.09 0.10 0.016 GRMZM2G008712 (ZFP7): zinc finger protein 7  
S7_162710260 7 162710260 3.75E-06 0.32 1391 0.09 0.10 0.016 GRMZM2G309970 (WPP2): WPP domain 
protein 2 
S7_162710260 7 162710260 3.75E-06 0.32 1391 0.09 0.10 0.016 GRMZM2G008468 Got1/Sft2-like vescicle 
transport protein family  
S7_162711752 7 162711752 9.35E-05 0.49 1391 0.09 0.10 0.049 GRMZM2G008712 (ZFP7): zinc finger protein 7  
S7_162711752 7 162711752 9.35E-05 0.49 1391 0.09 0.10 0.049 GRMZM2G309970 (WPP2): WPP domain 
protein 2 
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S7_162711752 7 162711752 9.35E-05 0.49 1391 0.09 0.10 0.049 GRMZM2G008468 Got1/Sft2-like vescicle 
transport protein family  
S7_162711840 7 162711840 1.27E-05 0.40 1391 0.09 0.10 0.027 GRMZM2G008712 (ZFP7): zinc finger protein 7  
S7_162711840 7 162711840 1.27E-05 0.40 1391 0.09 0.10 0.027 GRMZM2G309970 (WPP2): WPP domain 
protein 2 
S7_162762970 7 162762970 3.51E-06 0.45 1391 0.09 0.10 0.015 GRMZM2G056075 (ATMSH2,MSH2): MUTS 
homolog 2  
S7_162762981 7 162762981 4.12E-06 0.45 1391 0.09 0.10 0.016 GRMZM2G056075 (ATMSH2,MSH2): MUTS 
homolog 2  
S7_162763106 7 162763106 3.01E-06 0.45 1391 0.09 0.10 0.014 GRMZM2G056075 (ATMSH2,MSH2): MUTS 
homolog 2  
S7_162766528 7 162766528 1.02E-06 0.44 1391 0.09 0.10 0.010 GRMZM2G056075 (ATMSH2,MSH2): MUTS 
homolog 2  
S7_162766759 7 162766759 2.64E-06 0.43 1391 0.09 0.10 0.013 GRMZM2G056075 (ATMSH2,MSH2): MUTS 
homolog 2  
S7_162801789 7 162801789 3.38E-08 0.37 1391 0.09 0.11 0.002 GRMZM2G119740 Prefoldin chaperone 
subunit family protein  
S7_162801789 7 162801789 3.38E-08 0.37 1391 0.09 0.11 0.002 GRMZM2G119705 ribosome inactivating 
protein, putative, expressed  
S7_162959549 7 162959549 2.00E-05 0.33 1391 0.09 0.10 0.030 GRMZM2G432738 DHHC-type zinc finger 
family protein  
S7_162959549 7 162959549 2.00E-05 0.33 1391 0.09 0.10 0.030 GRMZM2G132810 actin binding 
S7_162962138 7 162962138 1.06E-05 0.26 1391 0.09 0.10 0.025 GRMZM2G432738 DHHC-type zinc finger 
family protein  
S7_162962138 7 162962138 1.06E-05 0.26 1391 0.09 0.10 0.025 GRMZM2G132810 actin binding 
S7_166959164 7 166959164 4.27E-05 0.32 1391 0.09 0.10 0.037 GRMZM2G407361 Pentatricopeptide repeat 
(PPR) superfamily protein  
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S8_16749187 8 16749187 2.99E-05 0.48 1391 0.09 0.10 0.033 GRMZM2G143211 (ATATG18D,ATG18D): 
homolog of yeast 
autophagy 18 (ATG18) D  
S8_16749187 8 16749187 2.99E-05 0.48 1391 0.09 0.10 0.033 GRMZM2G143258 alpha/beta-Hydrolases 
superfamily protein  




S8_16756080 8 16756080 2.34E-05 0.35 1391 0.09 0.10 0.032 GRMZM2G143211 (ATATG18D,ATG18D): 
homolog of yeast 
autophagy 18 (ATG18) D  
S8_16756080 8 16756080 2.34E-05 0.35 1391 0.09 0.10 0.032 GRMZM2G143258 alpha/beta-Hydrolases 
superfamily protein  
S8_17889029 8 17889029 1.53E-05 0.27 1391 0.09 0.10 0.028 GRMZM2G080521 alpha/beta-Hydrolases 
superfamily protein  
S8_17889039 8 17889039 1.78E-06 0.24 1391 0.09 0.10 0.011 GRMZM2G080521 alpha/beta-Hydrolases 
superfamily protein  
S8_18215458 8 18215458 2.81E-07 0.23 1391 0.09 0.10 0.006 GRMZM2G107696 (ATUBP14,PER1,TTN6,UBP1
4): ubiquitin-specific 
protease 14  
S8_18215497 8 18215497 8.67E-05 0.43 1391 0.09 0.10 0.047 GRMZM2G107696 (ATUBP14,PER1,TTN6,UBP1
4): ubiquitin-specific 
protease 14  
S8_18215760 8 18215760 1.09E-06 0.31 1391 0.09 0.10 0.010 GRMZM2G107696 (ATUBP14,PER1,TTN6,UBP1
4): ubiquitin-specific 
protease 14  
S8_18224564 8 18224564 9.72E-07 0.43 1391 0.09 0.10 0.010 GRMZM2G107639 Pyridoxal phosphate (PLP)-
dependent transferases 
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S8_18224564 8 18224564 9.72E-07 0.43 1391 0.09 0.10 0.010 GRMZM2G107696 (ATUBP14,PER1,TTN6,UBP1
4): ubiquitin-specific 
protease 14  
S8_18349921 8 18349921 5.03E-05 0.10 1391 0.09 0.10 0.038 GRMZM2G144464 Eukaryotic aspartyl 
protease family protein  
S8_18349921 8 18349921 5.03E-05 0.10 1391 0.09 0.10 0.038 GRMZM2G570006 (RUXF): small nuclear 
ribonucleoprotein F  
S8_18349964 8 18349964 1.31E-05 0.06 1391 0.09 0.10 0.027 GRMZM2G144464 Eukaryotic aspartyl 
protease family protein  
S8_18349964 8 18349964 1.31E-05 0.06 1391 0.09 0.10 0.027 GRMZM2G570006 (RUXF): small nuclear 
ribonucleoprotein F  
S8_18782460 8 18782460 2.81E-05 0.13 1391 0.09 0.10 0.033 GRMZM2G365983 Enhancer of polycomb-like 
transcription factor protein  
S8_18894973 8 18894973 2.38E-05 0.10 1391 0.09 0.10 0.032 GRMZM2G088356 Serinc-domain containing 
serine and sphingolipid 
biosynthesis protein  
S8_18895000 8 18895000 2.38E-05 0.10 1391 0.09 0.10 0.032 GRMZM2G088356 Serinc-domain containing 
serine and sphingolipid 
biosynthesis protein  
S8_116858220 8 116858220 1.47E-05 0.22 1391 0.09 0.10 0.028 GRMZM5G883149 SNARE-like superfamily 
protein  
S8_116858220 8 116858220 1.47E-05 0.22 1391 0.09 0.10 0.028 GRMZM2G336908 DHBP synthase RibB-like 
alpha/beta domain;GTP 
cyclohydrolase II  
S8_116858220 8 116858220 1.47E-05 0.22 1391 0.09 0.10 0.028 GRMZM2G035202 Protein-tyrosine 
phosphatase-like, PTPLA  
S8_117071209 8 117071209 7.59E-05 0.30 1391 0.09 0.10 0.046 GRMZM2G178803 harpin-induced protein 1 
domain containing protein, 
expressed  
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S8_117074103 8 117074103 2.00E-05 0.30 1391 0.09 0.10 0.030 GRMZM2G178803 harpin-induced protein 1 
domain containing protein, 
expressed  
S8_117162784 8 117162784 3.37E-05 0.27 1391 0.09 0.10 0.034 GRMZM2G390400 SAC3/GANP/Nin1/mts3/eIF-
3 p25 family  
S8_117298330 8 117298330 1.14E-05 0.48 1391 0.09 0.10 0.026 GRMZM2G095905 Tudor/PWWP/MBT 
superfamily protein  
S8_117433926 8 117433926 1.41E-05 0.34 1391 0.09 0.10 0.027 GRMZM2G422641 Kinase interacting (KIP1-
like) family protein  
S8_117433926 8 117433926 1.41E-05 0.34 1391 0.09 0.10 0.027 AC206698.2_FG00
2 
zinc knuckle family protein, 
expressed  
S8_117433929 8 117433929 1.41E-05 0.34 1391 0.09 0.10 0.027 GRMZM2G422641 Kinase interacting (KIP1-
like) family protein  
S8_117433929 8 117433929 1.41E-05 0.34 1391 0.09 0.10 0.027 AC206698.2_FG00
2 
zinc knuckle family protein, 
expressed  
S8_117433935 8 117433935 1.41E-05 0.34 1391 0.09 0.10 0.027 GRMZM2G422641 Kinase interacting (KIP1-
like) family protein  
S8_117433935 8 117433935 1.41E-05 0.34 1391 0.09 0.10 0.027 AC206698.2_FG00
2 
zinc knuckle family protein, 
expressed  
S8_118009048 8 118009048 8.26E-05 0.30 1391 0.09 0.10 0.046 GRMZM2G179728 GDSL-like 
Lipase/Acylhydrolase 
superfamily protein  
S8_118009048 8 118009048 8.26E-05 0.30 1391 0.09 0.10 0.046 GRMZM2G173874 (SELT): SELT-like protein 
precursor  
S8_120146282 8 120146282 6.04E-05 0.30 1391 0.09 0.10 0.042 GRMZM2G080731 (BZIP45,TGA6): TGACG 
motif-binding factor 6  
S8_120146282 8 120146282 6.04E-05 0.30 1391 0.09 0.10 0.042 GRMZM2G036980 VQ domain containing 
protein, putative, expressed  
S8_120146298 8 120146298 7.03E-05 0.31 1391 0.09 0.10 0.044 GRMZM2G080731 (BZIP45,TGA6): TGACG 
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S8_120146298 8 120146298 7.03E-05 0.31 1391 0.09 0.10 0.044 GRMZM2G036980 VQ domain containing 
protein, putative, expressed  
S8_120149919 8 120149919 9.46E-05 0.36 1391 0.09 0.10 0.050 GRMZM2G036980 VQ domain containing 
protein, putative, expressed  
S8_120218638 8 120218638 2.08E-05 0.33 1391 0.09 0.10 0.030 GRMZM2G025459 (AKINBETA1): 5\'-AMP-
activated protein kinase 
beta-2 subunit protein  
S8_121895690 8 121895690 3.97E-06 0.48 1391 0.09 0.10 0.016 GRMZM2G384755 (ARK3,RK3): receptor kinase 
3 
S8_121895690 8 121895690 3.97E-06 0.48 1391 0.09 0.10 0.016 GRMZM2G082792 (FQR1): flavodoxin-like 
quinone reductase 1  
S8_121895915 8 121895915 2.94E-05 0.40 1391 0.09 0.10 0.033 GRMZM2G384755 (ARK3,RK3): receptor kinase 
3 
S8_121895915 8 121895915 2.94E-05 0.40 1391 0.09 0.10 0.033 GRMZM2G082792 (FQR1): flavodoxin-like 
quinone reductase 1  
S8_122031304 8 122031304 3.81E-05 0.34 1391 0.09 0.10 0.035 GRMZM2G402137 (ATNAF1,NAF1): nuclear 
assembly factor 1  
S8_122031304 8 122031304 3.81E-05 0.34 1391 0.09 0.10 0.035 GRMZM2G100809 (SC3): secretory carrier 3  
S8_124464545 8 124464545 1.78E-05 0.05 1391 0.09 0.10 0.029 GRMZM2G173700 P-loop nucleoside 
triphosphate hydrolases 
superfamily protein with CH 
(Calponin Homology) 
domain  
S8_131779375 8 131779375 1.07E-05 0.17 1391 0.09 0.10 0.025 AC214648.3_FG00
5 
(LBD11): LOB domain-
containing protein 11  
S8_131779375 8 131779375 1.07E-05 0.17 1391 0.09 0.10 0.025 GRMZM2G700662 GTP binding  
S8_131782523 8 131782523 5.48E-05 0.19 1391 0.09 0.10 0.040 AC214648.3_FG00
5 
(LBD11): LOB domain-
containing protein 11  
S8_131782523 8 131782523 5.48E-05 0.19 1391 0.09 0.10 0.040 GRMZM2G700662 GTP binding  
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S8_131782839 8 131782839 2.75E-06 0.18 1391 0.09 0.10 0.013 AC214648.3_FG00
5 
(LBD11): LOB domain-
containing protein 11  
S8_131782839 8 131782839 2.75E-06 0.18 1391 0.09 0.10 0.013 GRMZM2G700662 GTP binding  
S8_135455561 8 135455561 2.22E-05 0.29 1391 0.09 0.10 0.031 GRMZM2G363429 (CYP722A1): cytochrome 
P450, family 722, subfamily 
A, polypeptide 1  
S8_135455561 8 135455561 2.22E-05 0.29 1391 0.09 0.10 0.031 GRMZM2G363460 (ATPEX14,PED2,PEX14): 
peroxin 14  
S8_136092219 8 136092219 1.82E-05 0.28 1391 0.09 0.10 0.029 GRMZM2G088132 (ATVDAC1,VDAC1): voltage 
dependent anion channel 1  
S8_137974581 8 137974581 8.99E-05 0.06 1391 0.09 0.10 0.048 GRMZM2G081653 rossmann fold nucleotide-
binding protein involved in 
DNA uptake, putative, 
expressed  
S8_140007509 8 140007509 9.56E-05 0.39 1391 0.09 0.10 0.050 GRMZM5G852378 (QKY): C2 calcium/lipid-
binding plant 
phosphoribosyltransferase 
family protein  
S8_141909884 8 141909884 4.26E-05 0.21 1391 0.09 0.10 0.037 GRMZM2G065829 myb-like transcription 
factor family protein  
S8_141909905 8 141909905 4.26E-05 0.21 1391 0.09 0.10 0.037 GRMZM2G065829 myb-like transcription 
factor family protein  
S8_141928387 8 141928387 8.59E-05 0.47 1391 0.09 0.10 0.047 GRMZM2G044343 C3HC zinc finger-like  
S8_144538753 8 144538753 4.89E-05 0.14 1391 0.09 0.10 0.038 GRMZM2G052844 Pectin lyase-like 
superfamily protein  
S8_145601959 8 145601959 6.83E-05 0.16 1391 0.09 0.10 0.044 GRMZM2G102318 (CYP72A9): cytochrome 
P450, family 72, subfamily 
A, polypeptide 9  
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S8_145607484 8 145607484 2.77E-05 0.09 1391 0.09 0.10 0.033 GRMZM2G102318 (CYP72A9): cytochrome 
P450, family 72, subfamily 
A, polypeptide 9 
S8_145607484 8 145607484 2.77E-05 0.09 1391 0.09 0.10 0.033 GRMZM2G056247 (CYP72A15): cytochrome 
P450, family 72, subfamily 
A, polypeptide 15  
S8_145684083 8 145684083 7.74E-05 0.21 1391 0.09 0.10 0.046 GRMZM2G021436 (CYP72A15): cytochrome 
P450, family 72, subfamily 
A, polypeptide 15  
S8_145684083 8 145684083 7.74E-05 0.21 1391 0.09 0.10 0.046 AC199439.4_FG00
5 
(BIP1): heat shock protein 
70 (Hsp 70) family protein  
S8_145846703 8 145846703 1.73E-05 0.13 1391 0.09 0.10 0.029 GRMZM2G131315 (scpl50): serine 
carboxypeptidase-like 50  
S8_145846703 8 145846703 1.73E-05 0.13 1391 0.09 0.10 0.029 GRMZM2G131334 (ATMPK20,MPK20): MAP 
kinase 20  
S8_146038333 8 146038333 1.06E-05 0.44 1391 0.09 0.10 0.025 GRMZM2G017386 Protein kinase superfamily 
protein  
S8_146155471 8 146155471 8.88E-05 0.40 1391 0.09 0.10 0.048 GRMZM2G070913 (ATPE11,PE11): 
pectinesterase 11  
S8_146155471 8 146155471 8.88E-05 0.40 1391 0.09 0.10 0.048 GRMZM2G070837 AMP-dependent synthetase 
and ligase family protein  
S8_148135413 8 148135413 3.08E-05 0.15 1391 0.09 0.10 0.033 GRMZM2G151542 (CRF4): cytokinin response 
factor 4  
S8_148482585 8 148482585 5.46E-05 0.12 1391 0.09 0.10 0.040 GRMZM2G540589 PNAS-3 related  
S8_148482585 8 148482585 5.46E-05 0.12 1391 0.09 0.10 0.040 GRMZM2G098973 Phosphoglycerate mutase 
family protein  
S8_148482647 8 148482647 2.91E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G540589 PNAS-3 related  
S8_148482647 8 148482647 2.91E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G098973 Phosphoglycerate mutase 
family protein  
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S8_148482696 8 148482696 2.21E-05 0.11 1391 0.09 0.10 0.031 GRMZM2G098973 Phosphoglycerate mutase 
family protein  
S8_148482717 8 148482717 2.21E-05 0.11 1391 0.09 0.10 0.031 GRMZM2G540589 PNAS-3 related  
S8_148482717 8 148482717 2.21E-05 0.11 1391 0.09 0.10 0.031 GRMZM2G098973 Phosphoglycerate mutase 
family protein  
S8_148482731 8 148482731 2.21E-05 0.11 1391 0.09 0.10 0.031 GRMZM2G540589 PNAS-3 related  
S8_148482731 8 148482731 2.21E-05 0.11 1391 0.09 0.10 0.031 GRMZM2G098973 Phosphoglycerate mutase 
family protein  
S8_148676320 8 148676320 1.25E-05 0.18 1391 0.09 0.10 0.027 GRMZM2G130586 Kinase-related protein of 
unknown function 
(DUF1296)  
S8_148898590 8 148898590 2.19E-06 0.10 1391 0.09 0.10 0.012 GRMZM2G002297 Magnesium transporter 
CorA-like family protein  
S8_148898667 8 148898667 1.57E-05 0.11 1391 0.09 0.10 0.028 GRMZM2G002297  Magnesium transporter 
CorA-like family protein  
S8_148905557 8 148905557 2.60E-06 0.19 1391 0.09 0.10 0.013 GRMZM2G002297 Magnesium transporter 
CorA-like family protein  
S8_148905809 8 148905809 7.89E-07 0.18 1391 0.09 0.10 0.010 GRMZM2G002297 Magnesium transporter 
CorA-like family protein  
S8_149037561 8 149037561 3.21E-05 0.15 1391 0.09 0.10 0.033 GRMZM2G178346 pfkB-like carbohydrate 
kinase family protein  
S8_149037561 8 149037561 3.21E-05 0.15 1391 0.09 0.10 0.033 GRMZM2G007630 pfkB-like carbohydrate 
kinase family protein  
S8_149037561 8 149037561 3.21E-05 0.15 1391 0.09 0.10 0.033 GRMZM2G007848 (ATMPK20,MPK20): MAP 
kinase 20  
S8_149039837 8 149039837 6.56E-05 0.17 1391 0.09 0.10 0.043 GRMZM2G178346 pfkB-like carbohydrate 
kinase family protein  
S8_149039837 8 149039837 6.56E-05 0.17 1391 0.09 0.10 0.043 GRMZM2G007630 pfkB-like carbohydrate 
kinase family protein  





















Genes within 6800 
Bp of SNP Annotation 
S8_149039837 8 149039837 6.56E-05 0.17 1391 0.09 0.10 0.043 GRMZM2G007848 (ATMPK20,MPK20): MAP 
kinase 20  
S8_149040647 8 149040647 1.39E-05 0.23 1391 0.09 0.10 0.027 GRMZM2G178346 pfkB-like carbohydrate 
kinase family protein  
S8_149040647 8 149040647 1.39E-05 0.23 1391 0.09 0.10 0.027 GRMZM2G007630 pfkB-like carbohydrate 
kinase family protein  
S8_149040647 8 149040647 1.39E-05 0.23 1391 0.09 0.10 0.027 GRMZM2G007848 (ATMPK20,MPK20): MAP 
kinase 20  
S8_149078078 8 149078078 1.34E-05 0.14 1391 0.09 0.10 0.027 GRMZM5G812272 (ATWRKY71,WRKY71): 
WRKY DNA-binding protein 
71 
S8_150011108 8 150011108 6.97E-06 0.50 1391 0.09 0.10 0.021 GRMZM2G115828 (UBC13B,UBC36): ubiquitin-
conjugating enzyme 36  




S8_150574712 8 150574712 4.19E-06 0.35 1391 0.09 0.10 0.016 GRMZM2G163843 (ANAC009,FEZ): NAC (No 
Apical Meristem) domain 
transcriptional regulator 
superfamily protein  
S8_150574712 8 150574712 4.19E-06 0.35 1391 0.09 0.10 0.016 GRMZM2G163848 (IAA8): indoleacetic acid-
induced protein 8  
S8_150574712 8 150574712 4.19E-06 0.35 1391 0.09 0.10 0.016 GRMZM2G163841 (ANAC059,ATNAC3,NAC3): 
NAC domain containing 
protein 3 
S8_150574713 8 150574713 4.19E-06 0.35 1391 0.09 0.10 0.016 GRMZM2G163843 (ANAC009,FEZ): NAC (No 
Apical Meristem) domain 
transcriptional regulator 





















Genes within 6800 
Bp of SNP Annotation 
S8_150574713 8 150574713 4.19E-06 0.35 1391 0.09 0.10 0.016 GRMZM2G163848 (IAA8): indoleacetic acid-
induced protein 8  
S8_150574713 8 150574713 4.19E-06 0.35 1391 0.09 0.10 0.016 GRMZM2G163841 (ANAC059,ATNAC3,NAC3): 
NAC domain containing 
protein 3 
S8_151221458 8 151221458 6.47E-05 0.20 1391 0.09 0.10 0.043 GRMZM2G077054 (GLT1): NADH-dependent 
glutamate synthase 1  
S8_151221492 8 151221492 6.47E-05 0.20 1391 0.09 0.10 0.043 GRMZM2G077054 (GLT1): NADH-dependent 
glutamate synthase 1  






S8_151339181 8 151339181 6.76E-05 0.17 1391 0.09 0.10 0.044 GRMZM2G006352 (AtMYB36,MYB36): myb 
domain protein 36  
S8_151345882 8 151345882 1.61E-06 0.42 1391 0.09 0.10 0.011 GRMZM2G006352 (AtMYB36,MYB36): myb 
domain protein 36  
S8_151345883 8 151345883 1.97E-06 0.42 1391 0.09 0.10 0.011 GRMZM2G006352 (AtMYB36,MYB36): myb 
domain protein 36  
S8_151593980 8 151593980 1.93E-06 0.21 1391 0.09 0.10 0.011 GRMZM2G393014 (ATIPT1,IPT1): 
isopentenyltransferase 1  
S8_151594388 8 151594388 1.73E-05 0.21 1391 0.09 0.10 0.029 GRMZM2G393014 (ATIPT1,IPT1): 
isopentenyltransferase 1  
S8_151594650 8 151594650 8.40E-06 0.20 1391 0.09 0.10 0.023 GRMZM2G393014 (ATIPT1,IPT1): 
isopentenyltransferase 1  
S8_151596078 8 151596078 5.89E-05 0.24 1391 0.09 0.10 0.041 GRMZM2G393014 (ATIPT1,IPT1): 
isopentenyltransferase 1  
S8_151658081 8 151658081 3.26E-06 0.19 1391 0.09 0.10 0.015 GRMZM2G085438 alpha/beta-Hydrolases 





















Genes within 6800 
Bp of SNP Annotation 
S8_151658081 8 151658081 3.26E-06 0.19 1391 0.09 0.10 0.015 GRMZM2G085408 Protein of unknown 
function (DUF1639)  
S8_151659682 8 151659682 2.93E-05 0.24 1391 0.09 0.10 0.033 GRMZM2G085438 alpha/beta-Hydrolases 
superfamily protein  
S8_151659682 8 151659682 2.93E-05 0.24 1391 0.09 0.10 0.033 GRMZM2G085408 Protein of unknown 
function (DUF1639)  
S8_151660149 8 151660149 8.29E-08 0.30 1391 0.09 0.11 0.003 GRMZM2G085438 alpha/beta-Hydrolases 
superfamily protein  
S8_151660149 8 151660149 8.29E-08 0.30 1391 0.09 0.11 0.003 GRMZM2G085408 Protein of unknown 
function (DUF1639)  
S8_151660348 8 151660348 1.79E-06 0.25 1391 0.09 0.10 0.011 GRMZM2G085438 alpha/beta-Hydrolases 
superfamily protein  
S8_151660348 8 151660348 1.79E-06 0.25 1391 0.09 0.10 0.011 GRMZM2G085408 Protein of unknown 
function (DUF1639)  
S8_152048312 8 152048312 2.31E-05 0.47 1391 0.09 0.10 0.032 GRMZM2G451147 (SNC4): suppressor of npr1-
1 constitutive 4  
S8_152048315 8 152048315 3.93E-05 0.49 1391 0.09 0.10 0.035 GRMZM2G451147 (SNC4): suppressor of npr1-
1 constitutive 4  
S8_152048358 8 152048358 3.93E-05 0.49 1391 0.09 0.10 0.035 GRMZM2G451147 (SNC4): suppressor of npr1-
1 constitutive 4  
S8_152112282 8 152112282 4.70E-05 0.19 1391 0.09 0.10 0.037 GRMZM2G164640 Protein kinase superfamily 
protein  
S8_152112282 8 152112282 4.70E-05 0.19 1391 0.09 0.10 0.037 GRMZM2G164612 (SNC4): suppressor of npr1-
1 constitutive 4  
S8_152112284 8 152112284 4.70E-05 0.19 1391 0.09 0.10 0.037 GRMZM2G164640 Protein kinase superfamily 
protein  
S8_152112284 8 152112284 4.70E-05 0.19 1391 0.09 0.10 0.037 GRMZM2G164612 (SNC4): suppressor of npr1-
1 constitutive 4  
S8_152256263 8 152256263 5.70E-05 0.24 1391 0.09 0.10 0.040 GRMZM2G518717 Calcineurin-like metallo-
phosphoesterase 





















Genes within 6800 
Bp of SNP Annotation 
S8_152256263 8 152256263 5.70E-05 0.24 1391 0.09 0.10 0.040 GRMZM5G843389 RING/U-box superfamily 
protein  
S8_152256291 8 152256291 5.76E-05 0.24 1391 0.09 0.10 0.041 GRMZM2G518717 Calcineurin-like metallo-
phosphoesterase 
superfamily protein  
S8_152256291 8 152256291 5.76E-05 0.24 1391 0.09 0.10 0.041 GRMZM5G843389 RING/U-box superfamily 
protein  
S8_152256292 8 152256292 4.43E-05 0.24 1391 0.09 0.10 0.037 GRMZM2G518717 Calcineurin-like metallo-
phosphoesterase 
superfamily protein  
S8_152256292 8 152256292 4.43E-05 0.24 1391 0.09 0.10 0.037 GRMZM5G843389 RING/U-box superfamily 
protein  
S8_152769998 8 152769998 1.80E-05 0.46 1391 0.09 0.10 0.029 GRMZM2G395672 (ATMYB5,MYB5): myb 
domain protein 5  
S8_152769998 8 152769998 1.80E-05 0.46 1391 0.09 0.10 0.029 GRMZM2G094879 AGAP000425-PA, putative, 
expressed  
S8_152900382 8 152900382 6.43E-05 0.45 1391 0.09 0.10 0.043 GRMZM2G126691 SWAP (Suppressor-of-
White-APricot)/surp 
domain-containing protein  
S8_153018091 8 153018091 8.24E-05 0.25 1391 0.09 0.10 0.046 GRMZM2G173965 (MAPKKK15): mitogen-
activated protein kinase 
kinase kinase 15  
S8_153018099 8 153018099 8.24E-05 0.25 1391 0.09 0.10 0.046 GRMZM2G173965 (MAPKKK15): mitogen-
activated protein kinase 
kinase kinase 15  


























Genes within 6800 
Bp of SNP Annotation 
S8_155897660 8 155897660 3.82E-05 0.08 1391 0.09 0.10 0.035 GRMZM2G061602 (SPA4): SPA1-related 4  
S8_155897660 8 155897660 3.82E-05 0.08 1391 0.09 0.10 0.035 GRMZM2G061521 Pollen Ole e 1 allergen and 
extensin family protein  




S8_155968563 8 155968563 6.47E-07 0.33 1391 0.09 0.10 0.010 GRMZM2G144707 (HVA22F): HVA22-like 
protein F 
S8_155968563 8 155968563 6.47E-07 0.33 1391 0.09 0.10 0.010 GRMZM2G444819 DUF584 domain containing 
protein, putative, expressed  




S8_155968602 8 155968602 9.52E-06 0.35 1391 0.09 0.10 0.024 GRMZM2G144707 (HVA22F): HVA22-like 
protein F 
S8_155968602 8 155968602 9.52E-06 0.35 1391 0.09 0.10 0.024 GRMZM2G444819 DUF584 domain containing 
protein, putative, expressed  




S8_155984115 8 155984115 4.87E-05 0.32 1391 0.09 0.10 0.038 GRMZM2G144707 (HVA22F): HVA22-like 
protein F 
S8_155984115 8 155984115 4.87E-05 0.32 1391 0.09 0.10 0.038 GRMZM2G444819 (AtS40-3): AtS40-3  
S8_155984115 8 155984115 4.87E-05 0.32 1391 0.09 0.10 0.038 GRMZM2G144701 HVA22, putative, expressed  
S8_159398650 8 159398650 3.05E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G005170 (VAP27-2): 
vamp/synaptobrevin-





















Genes within 6800 
Bp of SNP Annotation 
S8_159398650 8 159398650 3.05E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G005290 Eukaryotic aspartyl 
protease family protein  
S8_159398650 8 159398650 3.05E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G303587 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S8_159398650 8 159398650 3.05E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G005433 (PSB28): photosystem II 
reaction center PSB28 
protein  
S8_159398650 8 159398650 3.05E-05 0.12 1391 0.09 0.10 0.033 AC198923.4_FG00
2 
classical arabinogalactan 
protein 26 precursor, 
putative, expressed  
S8_159398651 8 159398651 3.05E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G005170 (VAP27-2): 
vamp/synaptobrevin-
associated protein 27-2  
S8_159398651 8 159398651 3.05E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G005290 Eukaryotic aspartyl 
protease family protein  
S8_159398651 8 159398651 3.05E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G303587 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S8_159398651 8 159398651 3.05E-05 0.12 1391 0.09 0.10 0.033 GRMZM2G005433 (PSB28): photosystem II 
reaction center PSB28 
protein  
S8_159398651 8 159398651 3.05E-05 0.12 1391 0.09 0.10 0.033 AC198923.4_FG00
2 
classical arabinogalactan 
protein 26 precursor, 
putative, expressed  
S8_159704241 8 159704241 1.62E-05 0.31 1391 0.09 0.10 0.028 GRMZM2G423959 (ATRALF1,RALF1,RALFL1): 
rapid alkalinization factor 1  
S8_159704241 8 159704241 1.62E-05 0.31 1391 0.09 0.10 0.028 GRMZM2G423917 Calcium-dependent lipid-
binding (CaLB domain) 





















Genes within 6800 
Bp of SNP Annotation 
S8_159704241 8 159704241 1.62E-05 0.31 1391 0.09 0.10 0.028 GRMZM2G122607 (AtATG18a): 
Transducin/WD40 repeat-
like superfamily protein  
S8_159704260 8 159704260 1.62E-05 0.31 1391 0.09 0.10 0.028 GRMZM2G423959 (ATRALF1,RALF1,RALFL1): 
rapid alkalinization factor 1  
S8_159704260 8 159704260 1.62E-05 0.31 1391 0.09 0.10 0.028 GRMZM2G423917 Calcium-dependent lipid-
binding (CaLB domain) 
family protein  
S8_159704260 8 159704260 1.62E-05 0.31 1391 0.09 0.10 0.028 GRMZM2G122607 (AtATG18a): 
Transducin/WD40 repeat-
like superfamily protein  
S8_159709705 8 159709705 3.85E-05 0.09 1391 0.09 0.10 0.035 GRMZM2G423959 (ATRALF1,RALF1,RALFL1): 
rapid alkalinization factor 1  
S8_159709705 8 159709705 3.85E-05 0.09 1391 0.09 0.10 0.035 GRMZM2G423917 Calcium-dependent lipid-
binding (CaLB domain) 
family protein  
S8_159709705 8 159709705 3.85E-05 0.09 1391 0.09 0.10 0.035 GRMZM2G122607 (AtATG18a): 
Transducin/WD40 repeat-
like superfamily protein  
S8_159709798 8 159709798 9.14E-05 0.07 1391 0.09 0.10 0.049 GRMZM2G423959 (ATRALF1,RALF1,RALFL1): 
rapid alkalinization factor 1  
S8_159709798 8 159709798 9.14E-05 0.07 1391 0.09 0.10 0.049 GRMZM2G423917 Calcium-dependent lipid-
binding (CaLB domain) 
family protein  
S8_159709798 8 159709798 9.14E-05 0.07 1391 0.09 0.10 0.049 GRMZM2G122607 (AtATG18a): 
Transducin/WD40 repeat-
like superfamily protein  
S8_159801090 8 159801090 5.48E-05 0.06 1391 0.09 0.10 0.040 GRMZM2G395429 (ATRALF1,RALF1,RALFL1): 
rapid alkalinization factor 1  





















Genes within 6800 
Bp of SNP Annotation 
S8_159801090 8 159801090 5.48E-05 0.06 1391 0.09 0.10 0.040 GRMZM2G095538 Protein of unknown 
function (DUF567)  
S8_159801090 8 159801090 5.48E-05 0.06 1391 0.09 0.10 0.040 GRMZM2G095510 BTB/POZ domain-containing 
protein  
S8_159801090 8 159801090 5.48E-05 0.06 1391 0.09 0.10 0.040 GRMZM2G095541 DUF567 domain containing 
protein, putative, expressed  
S8_159900209 8 159900209 6.56E-05 0.20 1391 0.09 0.10 0.043 GRMZM2G302074 (CYP89A6): cytochrome 
P450, family 87, subfamily 
A, polypeptide 6  
S8_159900209 8 159900209 6.56E-05 0.20 1391 0.09 0.10 0.043 GRMZM2G002315 (AAO3,AOdelta,At-
AO3,AtAAO3): abscisic 
aldehyde oxidase 3  
S8_159900209 8 159900209 6.56E-05 0.20 1391 0.09 0.10 0.043 GRMZM2G002147 ARM repeat superfamily 
protein  
S8_159900209 8 159900209 6.56E-05 0.20 1391 0.09 0.10 0.043 GRMZM2G002304 NAD(P)-binding Rossmann-
fold superfamily protein  




S8_159901017 8 159901017 6.05E-09 0.44 1391 0.09 0.11 0.001 GRMZM2G302074 (CYP89A6): cytochrome 
P450, family 87, subfamily 
A, polypeptide 6  
S8_159901017 8 159901017 6.05E-09 0.44 1391 0.09 0.11 0.001 GRMZM2G002315 (AAO3,AOdelta,At-
AO3,AtAAO3): abscisic 
aldehyde oxidase 3  
S8_159901017 8 159901017 6.05E-09 0.44 1391 0.09 0.11 0.001 GRMZM2G002147 ARM repeat superfamily 
protein  
S8_159901017 8 159901017 6.05E-09 0.44 1391 0.09 0.11 0.001 GRMZM2G002304 NAD(P)-binding Rossmann-





















Genes within 6800 
Bp of SNP Annotation 




S8_159901047 8 159901047 5.23E-06 0.19 1391 0.09 0.10 0.018 GRMZM2G302074 (CYP89A6): cytochrome 
P450, family 87, subfamily 
A, polypeptide 6  
S8_159901047 8 159901047 5.23E-06 0.19 1391 0.09 0.10 0.018 GRMZM2G002315 (AAO3,AOdelta,At-
AO3,AtAAO3): abscisic 
aldehyde oxidase 3  
S8_159901047 8 159901047 5.23E-06 0.19 1391 0.09 0.10 0.018 GRMZM2G002147 ARM repeat superfamily 
protein  
S8_159901047 8 159901047 5.23E-06 0.19 1391 0.09 0.10 0.018 GRMZM2G002304 NAD(P)-binding Rossmann-
fold superfamily protein  




S8_161081093 8 161081093 1.54E-05 0.13 1391 0.09 0.10 0.028 GRMZM2G145280 (ATBBC1,BBC1,RSU2): 
breast basic conserved 1  
S8_161081093 8 161081093 1.54E-05 0.13 1391 0.09 0.10 0.028 GRMZM2G145496 (RPL27): ribosomal protein 
large subunit 27  
S8_161081098 8 161081098 2.36E-05 0.13 1391 0.09 0.10 0.032 GRMZM2G145280 (ATBBC1,BBC1,RSU2): 
breast basic conserved 1  
S8_161081098 8 161081098 2.36E-05 0.13 1391 0.09 0.10 0.032 GRMZM2G145496 (RPL27): ribosomal protein 
large subunit 27  
S8_161106966 8 161106966 4.34E-06 0.29 1391 0.09 0.10 0.016 GRMZM2G064954 Galactose oxidase/kelch 
repeat superfamily protein  























Genes within 6800 
Bp of SNP Annotation 
S8_161109256 8 161109256 2.56E-06 0.27 1391 0.09 0.10 0.013 GRMZM2G064954 Galactose oxidase/kelch 
repeat superfamily protein  
S8_161109256 8 161109256 2.56E-06 0.27 1391 0.09 0.10 0.013 GRMZM2G064933 NOP56-like pre RNA 
processing 
ribonucleoprotein  
S8_161109334 8 161109334 4.82E-05 0.48 1391 0.09 0.10 0.038 GRMZM2G064954 Galactose oxidase/kelch 
repeat superfamily protein  
S8_161109334 8 161109334 4.82E-05 0.48 1391 0.09 0.10 0.038 GRMZM2G064933 NOP56-like pre RNA 
processing 
ribonucleoprotein  
S8_161109338 8 161109338 6.37E-05 0.48 1391 0.09 0.10 0.042 GRMZM2G064954 Galactose oxidase/kelch 
repeat superfamily protein  
S8_161109338 8 161109338 6.37E-05 0.48 1391 0.09 0.10 0.042 GRMZM2G064933 NOP56-like pre RNA 
processing 
ribonucleoprotein  
S8_161109341 8 161109341 6.37E-05 0.48 1391 0.09 0.10 0.042 GRMZM2G064954 Galactose oxidase/kelch 
repeat superfamily protein  
S8_161109341 8 161109341 6.37E-05 0.48 1391 0.09 0.10 0.042 GRMZM2G064933 NOP56-like pre RNA 
processing 
ribonucleoprotein  
S8_161109388 8 161109388 9.22E-05 0.48 1391 0.09 0.10 0.049 GRMZM2G064954 Galactose oxidase/kelch 
repeat superfamily protein  
S8_161109388 8 161109388 9.22E-05 0.48 1391 0.09 0.10 0.049 GRMZM2G064933 NOP56-like pre RNA 
processing 
ribonucleoprotein  
S8_161109437 8 161109437 3.36E-05 0.47 1391 0.09 0.10 0.034 GRMZM2G064954 Galactose oxidase/kelch 
repeat superfamily protein  























Genes within 6800 
Bp of SNP Annotation 
S8_161189906 8 161189906 9.95E-07 0.31 1391 0.09 0.10 0.010 GRMZM2G461793 MAK16 protein-related  
S8_161189906 8 161189906 9.95E-07 0.31 1391 0.09 0.10 0.010 GRMZM2G160791 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S8_161189914 8 161189914 2.80E-07 0.25 1391 0.09 0.10 0.006 GRMZM2G461793 MAK16 protein-related  
S8_161189914 8 161189914 2.80E-07 0.25 1391 0.09 0.10 0.006 GRMZM2G160791 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S8_161189985 8 161189985 2.06E-05 0.46 1391 0.09 0.10 0.030 GRMZM2G461793 MAK16 protein-related  
S8_161189985 8 161189985 2.06E-05 0.46 1391 0.09 0.10 0.030 GRMZM2G160791 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S8_161190126 8 161190126 2.34E-05 0.48 1391 0.09 0.10 0.032 GRMZM2G461793 MAK16 protein-related  
S8_161190126 8 161190126 2.34E-05 0.48 1391 0.09 0.10 0.032 GRMZM2G160791 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S8_161190176 8 161190176 1.73E-05 0.42 1391 0.09 0.10 0.029 GRMZM2G461793 MAK16 protein-related  
S8_161190176 8 161190176 1.73E-05 0.42 1391 0.09 0.10 0.029 GRMZM2G160791 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S8_161190207 8 161190207 6.13E-05 0.48 1391 0.09 0.10 0.042 GRMZM2G461793 MAK16 protein-related  
S8_161190207 8 161190207 6.13E-05 0.48 1391 0.09 0.10 0.042 GRMZM2G160791 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S8_161191820 8 161191820 6.44E-06 0.43 1391 0.09 0.10 0.020 GRMZM2G461793 MAK16 protein-related  
S8_161191820 8 161191820 6.44E-06 0.43 1391 0.09 0.10 0.020 GRMZM2G160791 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  





















Genes within 6800 
Bp of SNP Annotation 
S8_161725980 8 161725980 4.88E-05 0.42 1391 0.09 0.10 0.038 GRMZM2G481052 Nucleotide-diphospho-
sugar transferase family 
protein  
S8_161725980 8 161725980 4.88E-05 0.42 1391 0.09 0.10 0.038 GRMZM2G180330 regulatory protein, 
putative, expressed  
S8_170287066 8 170287066 4.29E-05 0.38 1391 0.09 0.10 0.037 GRMZM2G140822 2-oxoglutarate (2OG) and 
Fe(II)-dependent oxygenase 
superfamily protein  
S8_170287066 8 170287066 4.29E-05 0.38 1391 0.09 0.10 0.037 GRMZM2G140837 Endoplasmic reticulum 
vesicle transporter protein  
S8_170287066 8 170287066 4.29E-05 0.38 1391 0.09 0.10 0.037 GRMZM2G440125 RING/U-box superfamily 
protein  
S8_170287066 8 170287066 4.29E-05 0.38 1391 0.09 0.10 0.037 AC204502.4_FG00
6 
ATOFP3,OFP3): ovate family 
protein 3 
S8_171172962 8 171172962 8.80E-06 0.09 1391 0.09 0.10 0.024 GRMZM2G028054 (ATMYB65,MYB65): myb 
domain protein 65  
S8_173848889 8 173848889 5.49E-05 0.19 1391 0.09 0.10 0.040 GRMZM2G031607 SGS domain-containing 
protein  
S8_173848889 8 173848889 5.49E-05 0.19 1391 0.09 0.10 0.040 GRMZM2G031724 (ATGA2OX1,GA2OX1): 
Arabidopsis thaliana 
gibberellin 2-oxidase 1  
S8_173848889 8 173848889 5.49E-05 0.19 1391 0.09 0.10 0.040 GRMZM2G327427 (PYD2): pyrimidine 2  






S9_24366897 9 24366897 6.99E-11 0.22 1391 0.09 0.12 0.000 GRMZM2G069008 (ATNUDT14,ATNUDX14,NU
DX14): nudix hydrolase 
homolog 14  





















Genes within 6800 
Bp of SNP Annotation 
S9_57012019 9 57012019 7.50E-05 0.48 1391 0.09 0.10 0.046 GRMZM2G113203 (ATMRP6,MRP6): multidrug 
resistance-associated 
protein 6 
S9_57012525 9 57012525 6.65E-05 0.49 1391 0.09 0.10 0.043 GRMZM2G113203 (ATMRP6,MRP6): multidrug 
resistance-associated 
protein 6 
S9_57012530 9 57012530 6.65E-05 0.49 1391 0.09 0.10 0.043 GRMZM2G113203 (ATMRP6,MRP6): multidrug 
resistance-associated 
protein 6 
S9_92718497 9 92718497 2.84E-05 0.45 1391 0.09 0.10 0.033 GRMZM5G833760 Protein kinase superfamily 
protein  
S9_126935906 9 126935906 3.75E-05 0.31 1391 0.09 0.10 0.035 GRMZM5G806784 SNARE associated Golgi 
protein family  
S9_126935906 9 126935906 3.75E-05 0.31 1391 0.09 0.10 0.035 GRMZM5G880028 calmodulin-binding family 
protein  
S9_130873209 9 130873209 8.31E-05 0.34 1391 0.09 0.10 0.047 GRMZM2G015280 Peroxidase superfamily 
protein  
S9_130873282 9 130873282 1.84E-05 0.34 1391 0.09 0.10 0.029 GRMZM2G015280 Peroxidase superfamily 
protein  
S9_131523649 9 131523649 8.65E-05 0.12 1391 0.09 0.10 0.047 GRMZM2G027437 PRC-barrel domain protein, 
putative, expressed  
S9_144614980 9 144614980 4.46E-05 0.24 1391 0.09 0.10 0.037 GRMZM2G177878 (SRO1): similar to RCD one 1  
S9_146069298 9 146069298 5.57E-06 0.07 1391 0.09 0.10 0.019 GRMZM2G152919 ARM repeat superfamily 
protein  


























Genes within 6800 
Bp of SNP Annotation 
S9_149039766 9 149039766 6.88E-05 0.29 1391 0.09 0.10 0.044 GRMZM2G096352 Acyl-CoA N-acyltransferases 
(NAT) superfamily protein  
S9_149039766 9 149039766 6.88E-05 0.29 1391 0.09 0.10 0.044 GRMZM2G057467 Cytochrome b561/ferric 
reductase transmembrane 
with DOMON related 
domain  
S9_156413618 9 156413618 7.70E-05 0.47 1391 0.09 0.10 0.046 GRMZM2G168760 (MEE13): myosin heavy 
chain-related  
S10_3182843 10 3182843 2.75E-05 0.17 1391 0.09 0.10 0.033 GRMZM2G058595 (RPT2): Phototropic-
responsive NPH3 family 
protein  
S10_3182843 10 3182843 2.75E-05 0.17 1391 0.09 0.10 0.033 GRMZM2G058531 Phototropic-responsive 
NPH3 family protein  
S10_9537289 10 9537289 2.52E-05 0.39 1391 0.09 0.10 0.032 GRMZM2G028432 (AVA-P4): vacuolar H+-
pumping ATPase 16 kDa 
proteolipid subunit 4  
S10_9537289 10 9537289 2.52E-05 0.39 1391 0.09 0.10 0.032 GRMZM2G324131 (GATA12): GATA 
transcription factor 12  
S10_9598175 10 9598175 1.86E-05 0.12 1391 0.09 0.10 0.029 GRMZM2G142019 Plant protein of unknown 
function (DUF869)  
S10_9598175 10 9598175 1.86E-05 0.12 1391 0.09 0.10 0.029 GRMZM2G443495 (AtFAAH,FAAH): fatty acid 
amide hydrolase  
S10_9598419 10 9598419 1.07E-06 0.39 1391 0.09 0.10 0.010 GRMZM2G142019 Plant protein of unknown 
function (DUF869)  
S10_9598419 10 9598419 1.07E-06 0.39 1391 0.09 0.10 0.010 GRMZM2G443495 (AtFAAH,FAAH): fatty acid 
amide hydrolase  
S10_10668188 10 10668188 6.28E-06 0.46 1391 0.09 0.10 0.020 GRMZM2G319435 Transducin/WD40 repeat-
like superfamily protein  
S10_10669561 10 10669561 2.72E-06 0.45 1391 0.09 0.10 0.013 GRMZM2G319435 Transducin/WD40 repeat-





















Genes within 6800 
Bp of SNP Annotation 
S10_10829311 10 10829311 7.63E-06 0.47 1391 0.09 0.10 0.023 GRMZM5G803992 (NRPB10,NRPD10,NRPE10): 
RNA polymerases N / 8 kDa 
subunit  
S10_10829311 10 10829311 7.63E-06 0.47 1391 0.09 0.10 0.023 GRMZM2G418432 Protein kinase protein with 
adenine nucleotide alpha 
hydrolases-like domain  
S10_10829400 10 10829400 2.96E-05 0.28 1391 0.09 0.10 0.033 GRMZM5G803992 (NRPB10,NRPD10,NRPE10): 
RNA polymerases N / 8 kDa 
subunit  
S10_10829400 10 10829400 2.96E-05 0.28 1391 0.09 0.10 0.033 GRMZM2G418432 Protein kinase protein with 
adenine nucleotide alpha 
hydrolases-like domain  
S10_11315679 10 11315679 5.56E-05 0.50 1391 0.09 0.10 0.040 GRMZM2G157168 (AAP3,ATAAP3): amino acid 
permease 3  
S10_14910839 10 14910839 1.62E-05 0.09 1391 0.09 0.10 0.028 GRMZM2G027522 (TPD1): tapetum 
determinant 1  
S10_77109259 10 77109259 1.31E-05 0.47 1391 0.09 0.10 0.027 GRMZM2G171236 NADH-ubiquinone 
oxidoreductase-related  
S10_77109259 10 77109259 1.31E-05 0.47 1391 0.09 0.10 0.027 GRMZM2G171229 (ATCCT2,CCT2): 
phosphorylcholine 
cytidylyltransferase2  
S10_77109259 10 77109259 1.31E-05 0.47 1391 0.09 0.10 0.027 GRMZM2G171187 DNAJ heat shock family 
protein  
S10_77109275 10 77109275 6.78E-05 0.33 1391 0.09 0.10 0.044 GRMZM2G171236 NADH-ubiquinone 
oxidoreductase-related  
S10_77109275 10 77109275 6.78E-05 0.33 1391 0.09 0.10 0.044 GRMZM2G171229 (ATCCT2,CCT2): 
phosphorylcholine 
cytidylyltransferase2  






















Genes within 6800 
Bp of SNP Annotation 
S10_146474711 10 146474711 8.06E-05 0.07 1391 0.09 0.10 0.046 GRMZM2G098290 (ATGSL1,GLN2,GS2): 
glutamine synthetase 1  
S10_147122400 10 147122400 5.14E-05 0.30 1391 0.09 0.10 0.039 GRMZM2G086949 (ARF5,IAA24,MP): 
Transcriptional factor B3 
family protein / auxin-
responsive factor AUX/IAA-
related  
S10_147238446 10 147238446 9.44E-05 0.38 1391 0.09 0.10 0.050 GRMZM2G405662 Heavy metal 
transport/detoxification 
superfamily protein  
S10_147238446 10 147238446 9.44E-05 0.38 1391 0.09 0.10 0.050 GRMZM2G107620 regulatory protein RecX 
family protein  
S10_147238446 10 147238446 9.44E-05 0.38 1391 0.09 0.10 0.050 GRMZM2G033375 (UCH3): ubiquitin C-
terminal hydrolase 3  
S10_147311605 10 147311605 2.10E-05 0.43 1391 0.09 0.10 0.030 GRMZM2G179523 Phosphatidylinositol 3- and 
4-kinase family protein  
S10_147311605 10 147311605 2.10E-05 0.43 1391 0.09 0.10 0.030 GRMZM2G179532 Galactose oxidase/kelch 
repeat superfamily protein  
S10_148423385 10 148423385 1.00E-05 0.11 1391 0.09 0.10 0.025 GRMZM2G142820 Tetraspanin family protein  
S10_148423385 10 148423385 1.00E-05 0.11 1391 0.09 0.10 0.025 GRMZM2G142757 Clathrin light chain protein  
S10_148423385 10 148423385 1.00E-05 0.11 1391 0.09 0.10 0.025 GRMZM2G142743  N-
acetylglucosaminylphospha
tidylinositol de-N-acetylase 
family protein  
S10_148423385 10 148423385 1.00E-05 0.11 1391 0.09 0.10 0.025 GRMZM2G142802 Aluminium induced protein 
with YGL and LRDR motifs  
S10_148423385 10 148423385 1.00E-05 0.11 1391 0.09 0.10 0.025 GRMZM2G440259 RING/U-box superfamily 
protein  
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Genes within 10 Kp 
of SNP Annotation 
S1_8154097 1 8154097 3.04E-05 0.07 1391 0.23 0.24 0.044 GRMZM2G176397 (ACO3): aconitase 3  
S1_8154114 1 8154114 3.04E-05 0.07 1391 0.23 0.24 0.044 GRMZM2G176397 (ACO3): aconitase 3  
S1_18977637 1 18977637 2.76E-05 0.05 1391 0.23 0.24 0.042 GRMZM2G148706 RING/U-box superfamily 
protein  
S1_18977637 1 18977637 2.76E-05 0.05 1391 0.23 0.24 0.042 GRMZM2G031177 MATE efflux family 
protein  
S1_23578479 1 23578479 8.43E-06 0.05 1391 0.23 0.24 0.030 AC205725.3_FG010 (RBL): Noc2p family  
S1_23578481 1 23578481 8.43E-06 0.05 1391 0.23 0.24 0.030 AC205725.3_FG010 (RBL): Noc2p family  
S1_23579658 1 23579658 1.92E-05 0.18 1391 0.23 0.24 0.037 AC205725.3_FG010 (RBL): Noc2p family  
S1_23579660 1 23579660 1.92E-05 0.18 1391 0.23 0.24 0.037 AC205725.3_FG010 (RBL): Noc2p family  
S1_25154097 1 25154097 2.73E-06 0.06 1391 0.23 0.24 0.028 GRMZM2G376074 (ATUBP26,SUP32,UBP26): 
ubiquitin-specific protease 
26 
S1_25164763 1 25164763 3.71E-05 0.05 1391 0.23 0.24 0.047 GRMZM2G077045 (ANAC008,SOG1): NAC 




S1_25164763 1 25164763 3.71E-05 0.05 1391 0.23 0.24 0.047 GRMZM2G376074 (ATUBP26,SUP32,UBP26): 
ubiquitin-specific protease 
26 
S1_27109194 1 27109194 2.92E-05 0.05 1391 0.23 0.24 0.044 GRMZM2G163129 (PSL5,RSW3): Glycosyl 
hydrolases family 31 
protein  
S1_27109194 1 27109194 2.92E-05 0.05 1391 0.23 0.24 0.044 GRMZM2G163154 MATE efflux family 
protein  





















Genes within 10 Kp 
of SNP Annotation 
S1_28376756 1 28376756 1.76E-05 0.22 1391 0.23 0.24 0.037 GRMZM2G140991 UDP-3-O-acyl N-
acetylglycosamine 
deacetylase family protein  
S1_28424547 1 28424547 4.47E-06 0.28 1391 0.23 0.24 0.028 GRMZM2G099797 (ARR2,RR2): response 
regulator 2  
S1_28424547 1 28424547 4.47E-06 0.28 1391 0.23 0.24 0.028 GRMZM2G397754 Major facilitator 
superfamily protein  
S1_28424548 1 28424548 4.47E-06 0.28 1391 0.23 0.24 0.028 GRMZM2G099797 (ARR2,RR2): response 
regulator 2  
S1_28424548 1 28424548 4.47E-06 0.28 1391 0.23 0.24 0.028 GRMZM2G397754 Major facilitator 
superfamily protein  
S1_28443725 1 28443725 3.75E-05 0.19 1391 0.23 0.24 0.047 GRMZM2G099860 (ATTPS6,TPS6): UDP-
Glycosyltransferase / 
trehalose-phosphatase 
family protein  
S1_28459164 1 28459164 2.76E-05 0.25 1391 0.23 0.24 0.042 GRMZM2G099860 (ATTPS6,TPS6): UDP-
Glycosyltransferase / 
trehalose-phosphatase 
family protein  
S1_31869243 1 31869243 6.54E-06 0.10 1391 0.23 0.24 0.030 GRMZM2G100714 (MAP65-7): microtubule-
associated protein 65-7  
S1_32054015 1 32054015 3.23E-05 0.08 1391 0.23 0.24 0.045 GRMZM2G152477 Calcineurin-like metallo-
phosphoesterase 
superfamily protein  
S1_32871017 1 32871017 4.10E-05 0.48 1391 0.23 0.24 0.049 GRMZM2G077942 (ADF5,ATADF5): actin 
depolymerizing factor 5  
S1_32871037 1 32871037 8.90E-06 0.44 1391 0.23 0.24 0.030 GRMZM2G077942 (ADF5,ATADF5): actin 
depolymerizing factor 5  
S1_39895751 1 39895751 6.66E-07 0.17 1391 0.23 0.24 0.017 GRMZM2G078164 (DVL11,RTFL8): 





















Genes within 10 Kp 
of SNP Annotation 
S1_39904572 1 39904572 3.76E-05 0.10 1391 0.23 0.24 0.047 GRMZM2G078164 (DVL11,RTFL8): 
ROTUNDIFOLIA like 8  
S1_41437359 1 41437359 6.88E-06 0.08 1391 0.23 0.24 0.030 GRMZM2G043857 Ankyrin repeat family 
protein  
S1_41437359 1 41437359 6.88E-06 0.08 1391 0.23 0.24 0.030 GRMZM2G043878 receptor-like protein 
kinase-related family 
protein  
S1_41539340 1 41539340 1.03E-05 0.08 1391 0.23 0.24 0.032 GRMZM2G157329 RNA-binding 
(RRM/RBD/RNP motifs) 
family protein  
S1_42012957 1 42012957 5.81E-07 0.06 1391 0.23 0.24 0.017 GRMZM2G150729 basic helix-loop-helix 
(bHLH) DNA-binding 
superfamily protein  
S1_42012968 1 42012968 1.37E-05 0.06 1391 0.23 0.24 0.035 GRMZM2G150729 basic helix-loop-helix 
(bHLH) DNA-binding 
superfamily protein  
S1_42520440 1 42520440 4.10E-06 0.17 1391 0.23 0.24 0.028 GRMZM2G042107 Ankyrin repeat family 
protein  
S1_42520440 1 42520440 4.10E-06 0.17 1391 0.23 0.24 0.028 GRMZM2G338333 (ITN1): Ankyrin repeat 
family protein  
S1_42520476 1 42520476 4.10E-06 0.17 1391 0.23 0.24 0.028 GRMZM2G042107 Ankyrin repeat family 
protein  
S1_42520476 1 42520476 4.10E-06 0.17 1391 0.23 0.24 0.028 GRMZM2G338333 (ITN1): Ankyrin repeat 
family protein  
S1_42520536 1 42520536 7.71E-06 0.18 1391 0.23 0.24 0.030 GRMZM2G042107 Ankyrin repeat family 
protein  
S1_42520536 1 42520536 7.71E-06 0.18 1391 0.23 0.24 0.030 GRMZM2G338333 (ITN1): Ankyrin repeat 
family protein  
S1_46125691 1 46125691 3.45E-05 0.05 1391 0.23 0.24 0.046 GRMZM2G030016 Ribosomal protein S7e 





















Genes within 10 Kp 
of SNP Annotation 
S1_46125691 1 46125691 3.45E-05 0.05 1391 0.23 0.24 0.046 GRMZM2G032182 Mitochondrial substrate 
carrier family protein  




S1_46125691 1 46125691 3.45E-05 0.05 1391 0.23 0.24 0.046 GRMZM2G032047 DUF538 domain 
containing protein, 
putative, expressed  
S1_46842397 1 46842397 5.63E-07 0.12 1391 0.23 0.24 0.017 GRMZM2G010545 PLAC8 family protein  
S1_46842397 1 46842397 5.63E-07 0.12 1391 0.23 0.24 0.017 GRMZM2G010328 (AGD2): Pyridoxal 
phosphate (PLP)-
dependent transferases 
superfamily protein  
S1_46842398 1 46842398 5.63E-07 0.12 1391 0.23 0.24 0.017 GRMZM2G010545 PLAC8 family protein  
S1_46842398 1 46842398 5.63E-07 0.12 1391 0.23 0.24 0.017 GRMZM2G010328 (AGD2): Pyridoxal 
phosphate (PLP)-
dependent transferases 
superfamily protein  
S1_47457464 1 47457464 1.63E-05 0.09 1391 0.23 0.24 0.036 GRMZM2G300692 (GATL7): 
galacturonosyltransferase
-like 7  
S1_48890554 1 48890554 1.39E-05 0.06 1391 0.23 0.24 0.035 GRMZM2G383790 (ATXT1,XT1,XXT1): 
xylosyltransferase 1  
S1_69541255 1 69541255 4.18E-05 0.06 1391 0.23 0.24 0.049 GRMZM2G111208 (FAB1B): 
phosphatidylinositol-4-
phosphate 5-kinase family 
protein  
           





















Genes within 10 Kp 
of SNP Annotation 
S1_77141196 1 77141196 2.45E-05 0.11 1391 0.23 0.24 0.040 GRMZM2G044902 (ASL39,LBD37): LOB 
domain-containing 
protein 37 
S1_80952700 1 80952700 1.27E-05 0.06 1391 0.23 0.24 0.034 GRMZM2G434500 Glucose-methanol-choline 
(GMC) oxidoreductase 
family protein  
S1_80952700 1 80952700 1.27E-05 0.06 1391 0.23 0.24 0.034 GRMZM2G133968 DNA binding  
S1_80952700 1 80952700 1.27E-05 0.06 1391 0.23 0.24 0.034 GRMZM2G434514 peptidoglycan-binding 
LysM domain-containing 
protein  
S1_81776120 1 81776120 2.54E-05 0.07 1391 0.23 0.24 0.040 GRMZM2G044383 (ATGSTU17,ERD9,GST30,G
ST30B): Glutathione S-
transferase family protein  
S1_162464005 1 162464005 3.17E-06 0.34 1391 0.23 0.24 0.028 GRMZM2G476637 (NPY2): Phototropic-
responsive NPH3 family 
protein  
S1_170476235 1 170476235 1.52E-05 0.09 1391 0.23 0.24 0.036 GRMZM2G100121 (FBL17): RNI-like 
superfamily protein  
S1_172875668 1 172875668 2.95E-05 0.19 1391 0.23 0.24 0.044 GRMZM5G865967 (PIF4,SRL2): phytochrome 
interacting factor 4  
S1_172875668 1 172875668 2.95E-05 0.19 1391 0.23 0.24 0.044 GRMZM2G087608 OsFBX436 - F-box domain 
containing protein, 
expressed  
S1_172903996 1 172903996 1.46E-05 0.25 1391 0.23 0.24 0.035 GRMZM5G852177 Protein kinase superfamily 
protein  
S1_172903996 1 172903996 1.46E-05 0.25 1391 0.23 0.24 0.035 GRMZM2G035444 membrane associated 
DUF588 domain 
containing protein, 
putative, expressed  





















Genes within 10 Kp 
of SNP Annotation 
S1_174284218 1 174284218 8.80E-06 0.46 1391 0.23 0.24 0.030 GRMZM2G118646 (DEG5,DEGP5,HHOA): 
DEGP protease 5  
S1_174284253 1 174284253 2.55E-05 0.05 1391 0.23 0.24 0.040 GRMZM2G118646 (DEG5,DEGP5,HHOA): 
DEGP protease 5  
S1_179980108 1 179980108 6.49E-06 0.23 1391 0.23 0.24 0.030 GRMZM2G392791 alpha/beta-Hydrolases 
superfamily protein  
S1_179980108 1 179980108 6.49E-06 0.23 1391 0.23 0.24 0.030 GRMZM2G093809 Leucine-rich repeat 
transmembrane protein 
kinase family protein  
S1_179980158 1 179980158 5.62E-06 0.23 1391 0.23 0.24 0.030 GRMZM2G392791 alpha/beta-Hydrolases 
superfamily protein  
S1_179980158 1 179980158 5.62E-06 0.23 1391 0.23 0.24 0.030 GRMZM2G093809 Leucine-rich repeat 
transmembrane protein 
kinase family protein  
S1_179980698 1 179980698 1.27E-05 0.23 1391 0.23 0.24 0.034 GRMZM2G392791 alpha/beta-Hydrolases 
superfamily protein  
S1_179980698 1 179980698 1.27E-05 0.23 1391 0.23 0.24 0.034 GRMZM2G093809 Leucine-rich repeat 
transmembrane protein 
kinase family protein  
S1_188064698 1 188064698 4.24E-05 0.14 1391 0.23 0.24 0.049 AC234203.1_FG011 (AtEIL3,ATSLIM,EIL3,SLIM
1): ETHYLENE-
INSENSITIVE3-like 3  
S1_191604990 1 191604990 3.66E-05 0.13 1391 0.23 0.24 0.047 GRMZM2G040509 (ATBPM1,BPM1): BTB-POZ 
and MATH domain 1  
S1_195560594 1 195560594 6.68E-06 0.26 1391 0.23 0.24 0.030 GRMZM2G159996 B-box type zinc finger 
protein with CCT domain  
S1_196214395 1 196214395 2.35E-05 0.09 1391 0.23 0.24 0.039 GRMZM2G053027 (RFI2): RING/U-box 
superfamily protein  
S1_196214395 1 196214395 2.35E-05 0.09 1391 0.23 0.24 0.039 GRMZM2G053117 (ATPSAT1,PSAT1): 
phospholipid sterol acyl 





















Genes within 10 Kp 
of SNP Annotation 
S1_196214395 1 196214395 2.35E-05 0.09 1391 0.23 0.24 0.039 GRMZM2G053231 appr-1-p processing 
enzyme family protein  
S1_196692720 1 196692720 1.55E-05 0.20 1391 0.23 0.24 0.036 GRMZM2G322748 LRR and NB-ARC domains-
containing disease 
resistance protein  
S1_196972895 1 196972895 2.83E-06 0.20 1391 0.23 0.24 0.028 GRMZM2G077320 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S1_200409130 1 200409130 3.46E-05 0.16 1391 0.23 0.24 0.046 GRMZM2G082630 basic helix-loop-helix 
(bHLH) DNA-binding 
superfamily protein  
S1_200409130 1 200409130 3.46E-05 0.16 1391 0.23 0.24 0.046 GRMZM2G082640 PWWP domain containing 
protein, expressed  
S1_200412392 1 200412392 2.55E-05 0.18 1391 0.23 0.24 0.040 GRMZM2G082573 transcription regulators  
S1_200412392 1 200412392 2.55E-05 0.18 1391 0.23 0.24 0.040 GRMZM2G082630 basic helix-loop-helix 
(bHLH) DNA-binding 
superfamily protein  
S1_200412392 1 200412392 2.55E-05 0.18 1391 0.23 0.24 0.040 GRMZM2G082640 PWWP domain containing 
protein, expressed  




S1_204869927 1 204869927 1.60E-05 0.09 1391 0.23 0.24 0.036 GRMZM2G320708 Late embryogenesis 
abundant (LEA) 
hydroxyproline-rich 
glycoprotein family  
S1_204869927 1 204869927 1.60E-05 0.09 1391 0.23 0.24 0.036 GRMZM2G022866 Thioredoxin family protein  





















Genes within 10 Kp 
of SNP Annotation 




S1_204871830 1 204871830 6.37E-06 0.10 1391 0.23 0.24 0.030 GRMZM2G320708 Late embryogenesis 
abundant (LEA) 
hydroxyproline-rich 
glycoprotein family  
S1_204871830 1 204871830 6.37E-06 0.10 1391 0.23 0.24 0.030 GRMZM2G022866 Thioredoxin family protein  




S1_204871832 1 204871832 6.37E-06 0.10 1391 0.23 0.24 0.030 GRMZM2G320708 Late embryogenesis 
abundant (LEA) 
hydroxyproline-rich 
glycoprotein family  
S1_204871832 1 204871832 6.37E-06 0.10 1391 0.23 0.24 0.030 GRMZM2G022866 Thioredoxin family protein  
S1_211621970 1 211621970 2.51E-05 0.46 1391 0.23 0.24 0.040 GRMZM2G078569 (FAD6,FADC,SFD4): fatty 
acid desaturase 6  




superfamily protein  

























Genes within 10 Kp 
of SNP Annotation 
S1_275086548 1 275086548 3.25E-05 0.07 1391 0.23 0.24 0.045 GRMZM2G149775 (HTA11): histone H2A 11  
S1_275086548 1 275086548 3.25E-05 0.07 1391 0.23 0.24 0.045 GRMZM2G149952 (APS3): Pseudouridine 
synthase/archaeosine 
transglycosylase-like 
family protein  
S1_275086548 1 275086548 3.25E-05 0.07 1391 0.23 0.24 0.045 GRMZM2G149923 (ACAM-1,CAM1,TCH1): 
calmodulin 1 
S1_275086596 1 275086596 4.76E-06 0.07 1391 0.23 0.24 0.028 GRMZM2G149952 (APS3): Pseudouridine 
synthase/archaeosine 
transglycosylase-like 
family protein  
S1_275086596 1 275086596 4.76E-06 0.07 1391 0.23 0.24 0.028 GRMZM2G149775 (HTA11): histone H2A 11  
S1_275086596 1 275086596 4.76E-06 0.07 1391 0.23 0.24 0.028 GRMZM2G149923 (ACAM-1,CAM1,TCH1): 
calmodulin 1 
S1_285926805 1 285926805 3.88E-05 0.08 1391 0.23 0.24 0.047 GRMZM2G434533 MD-2-related lipid 
recognition domain-
containing protein / ML 
domain-containing 
protein  
S1_285926805 1 285926805 3.88E-05 0.08 1391 0.23 0.24 0.047 GRMZM2G135011 RING/U-box superfamily 
protein  
S1_285926805 1 285926805 3.88E-05 0.08 1391 0.23 0.24 0.047 GRMZM2G134917 (ATJ2,J2): DNAJ 
homologue 2  
S1_285926812 1 285926812 3.88E-05 0.08 1391 0.23 0.24 0.047 GRMZM2G434533 MD-2-related lipid 
recognition domain-
containing protein / ML 
domain-containing 
protein  






















Genes within 10 Kp 
of SNP Annotation 
S1_285926812 1 285926812 3.88E-05 0.08 1391 0.23 0.24 0.047 GRMZM2G134917 (ATJ2,J2): DNAJ 
homologue 2  
S1_285926857 1 285926857 3.23E-06 0.07 1391 0.23 0.24 0.028 GRMZM2G434533 MD-2-related lipid 
recognition domain-
containing protein / ML 
domain-containing 
protein  
S1_285926857 1 285926857 3.23E-06 0.07 1391 0.23 0.24 0.028 GRMZM2G135011 RING/U-box superfamily 
protein  
S1_285926857 1 285926857 3.23E-06 0.07 1391 0.23 0.24 0.028 GRMZM2G134917 (ATJ2,J2): DNAJ 
homologue 2  
S1_285977854 1 285977854 3.23E-05 0.05 1391 0.23 0.24 0.045 GRMZM2G028926 (ATCPK1,CPK1): calcium 
dependent protein kinase 
1 
S1_285977854 1 285977854 3.23E-05 0.05 1391 0.23 0.24 0.045 GRMZM2G329181 (FLA17): FASCICLIN-like 
arabinogalactan protein 
17 precursor  
S1_295724522 1 295724522 1.21E-05 0.06 1391 0.23 0.24 0.033 GRMZM2G369432 Plant invertase/pectin 
methylesterase inhibitor 
superfamily protein  
S2_9018813 2 9018813 1.87E-05 0.06 1391 0.23 0.24 0.037 GRMZM2G000039 SIT4 phosphatase-
associated family protein  
S2_9018813 2 9018813 1.87E-05 0.06 1391 0.23 0.24 0.037 GRMZM2G000047 (ATHAK5,HAK5): high 
affinity K+ transporter 5  
S2_9018813 2 9018813 1.87E-05 0.06 1391 0.23 0.24 0.037 GRMZM2G000044 RPM1-interacting protein 
4 (RIN4) family protein  
S2_44719146 2 44719146 2.43E-05 0.06 1391 0.23 0.24 0.039 GRMZM2G355906 (GAD2): glutamate 
decarboxylase 2  
S2_44719146 2 44719146 2.43E-05 0.06 1391 0.23 0.24 0.039 GRMZM2G053985 (ATOFP8,OFP8): ovate 





















Genes within 10 Kp 
of SNP Annotation 
S2_168550067 2 168550067 3.10E-05 0.07 1391 0.23 0.24 0.044 GRMZM2G092125 (PIP2;2,PIP2B): plasma 
membrane intrinsic 
protein 2 
S2_187131510 2 187131510 2.16E-05 0.06 1391 0.23 0.24 0.039 GRMZM2G085210 Major facilitator 
superfamily protein  
S2_188366566 2 188366566 1.37E-05 0.05 1391 0.23 0.24 0.035 GRMZM2G137532 (AtbZIP3,bZIP3): basic 
leucine-zipper 3  
S2_188366566 2 188366566 1.37E-05 0.05 1391 0.23 0.24 0.035 GRMZM2G137477 retrotransposon protein, 
putative, unclassified, 
expressed  
S2_192433107 2 192433107 1.89E-06 0.12 1391 0.23 0.24 0.028 GRMZM2G179031 (DRB2): dsRNA-binding 
protein 2 
S2_192433107 2 192433107 1.89E-06 0.12 1391 0.23 0.24 0.028 GRMZM2G179002 DHHC-type zinc finger 
family protein  




































Genes within 10 Kp 
of SNP Annotation 





S2_194113696 2 194113696 5.85E-06 0.07 1391 0.23 0.24 0.030 GRMZM2G037910 Basic-leucine zipper (bZIP) 
transcription factor family 
protein  
S2_194937752 2 194937752 2.32E-05 0.05 1391 0.23 0.24 0.039 GRMZM2G368827 (SAG29): senescence-
associated gene 29  
S2_197227802 2 197227802 1.57E-05 0.06 1391 0.23 0.24 0.036 GRMZM2G140116 Ribosomal protein L14  
S2_197227802 2 197227802 1.57E-05 0.06 1391 0.23 0.24 0.036 GRMZM2G049613 Protein of unknown 
function (DUF630 and 
DUF632)  
S2_205837144 2 205837144 4.98E-06 0.09 1391 0.23 0.24 0.028 GRMZM2G104516 (ATZFP2,ZFP2): zinc finger 
protein 2 
S2_206219806 2 206219806 7.58E-06 0.22 1391 0.23 0.24 0.030 GRMZM2G087479 Major facilitator 
superfamily protein  
S2_206219806 2 206219806 7.58E-06 0.22 1391 0.23 0.24 0.030 GRMZM2G087462 GDSL-like 
Lipase/Acylhydrolase 
superfamily protein  
S2_206219856 2 206219856 7.58E-06 0.22 1391 0.23 0.24 0.030 GRMZM2G087479 Major facilitator 
superfamily protein  
S2_206219856 2 206219856 7.58E-06 0.22 1391 0.23 0.24 0.030 GRMZM2G087462 GDSL-like 
Lipase/Acylhydrolase 
superfamily protein  
S2_206219945 2 206219945 1.55E-05 0.21 1391 0.23 0.24 0.036 GRMZM2G087479 Major facilitator 
superfamily protein  
           





















Genes within 10 Kp 
of SNP Annotation 
S2_206219945 2 206219945 1.55E-05 0.21 1391 0.23 0.24 0.036 GRMZM2G087462 GDSL-like 
Lipase/Acylhydrolase 
superfamily protein  
S2_213998470 2 213998470 8.93E-07 0.20 1391 0.23 0.24 0.019 GRMZM2G367777 (NSL1): MAC/Perforin 
domain-containing 
protein  
S2_213998470 2 213998470 8.93E-07 0.20 1391 0.23 0.24 0.019 GRMZM2G322618 Glycoprotein membrane 
precursor GPI-anchored  
S2_213998470 2 213998470 8.93E-07 0.20 1391 0.23 0.24 0.019 GRMZM2G022947 (CYP72A8): cytochrome 
P450, family 72, subfamily 
A, polypeptide 8  
S3_306174 3 306174 1.83E-07 0.24 1391 0.23 0.24 0.017 GRMZM2G035482 Coatomer epsilon subunit  
S3_1467296 3 1467296 1.19E-05 0.11 1391 0.23 0.24 0.033 GRMZM2G087804 (ATGLK1,GLK1,GPRI1): 
GBF\'s pro-rich region-
interacting factor 1  
S3_1467296 3 1467296 1.19E-05 0.11 1391 0.23 0.24 0.033 GRMZM2G087714 (NFD6): nuclear fusion 
defective 6  
S3_1467297 3 1467297 7.80E-06 0.11 1391 0.23 0.24 0.030 GRMZM2G087804 (ATGLK1,GLK1,GPRI1): 
GBF\'s pro-rich region-
interacting factor 1  
S3_1467297 3 1467297 7.80E-06 0.11 1391 0.23 0.24 0.030 GRMZM2G087714 (NFD6): nuclear fusion 
defective 6  
S3_1468707 3 1468707 1.91E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G087804 (ATGLK1,GLK1,GPRI1): 
GBF\'s pro-rich region-
interacting factor 1  
S3_1468707 3 1468707 1.91E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G087714 (NFD6): nuclear fusion 
defective 6  
S3_1468710 3 1468710 2.97E-05 0.46 1391 0.23 0.24 0.044 GRMZM2G087804 (ATGLK1,GLK1,GPRI1): 
GBF\'s pro-rich region-





















Genes within 10 Kp 
of SNP Annotation 
S3_1468710 3 1468710 2.97E-05 0.46 1391 0.23 0.24 0.044 GRMZM2G087714 (NFD6): nuclear fusion 
defective 6  
S3_1468711 3 1468711 1.91E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G087804 (ATGLK1,GLK1,GPRI1): 
GBF\'s pro-rich region-
interacting factor 1  
S3_1468711 3 1468711 1.91E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G087714 (NFD6): nuclear fusion 
defective 6  
S3_1468712 3 1468712 1.91E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G087804 (ATGLK1,GLK1,GPRI1): 
GBF\'s pro-rich region-
interacting factor 1  
S3_1468712 3 1468712 1.91E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G087714 (NFD6): nuclear fusion 
defective 6  
S3_1468713 3 1468713 1.91E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G087804 (ATGLK1,GLK1,GPRI1): 
GBF\'s pro-rich region-
interacting factor 1  
S3_1468713 3 1468713 1.91E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G087714 (NFD6): nuclear fusion 
defective 6  
S3_1468716 3 1468716 1.91E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G087804 (ATGLK1,GLK1,GPRI1): 
GBF\'s pro-rich region-
interacting factor 1  
S3_1468716 3 1468716 1.91E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G087714 (NFD6): nuclear fusion 
defective 6  
S3_5850435 3 5850435 7.95E-08 0.09 1391 0.23 0.24 0.010 GRMZM2G470914 Protein kinase superfamily 
protein  
S3_6002435 3 6002435 1.70E-05 0.38 1391 0.23 0.24 0.037 GRMZM2G077227 (IQD6): IQ-domain 6  
S3_6293807 3 6293807 1.07E-05 0.48 1391 0.23 0.24 0.032 GRMZM2G378490 (ADOF1,DOF1): DOF zinc 
finger protein 1  
S3_6293807 3 6293807 1.07E-05 0.48 1391 0.23 0.24 0.032 GRMZM2G121452 (RPN12a): regulatory 
particle non-ATPase 12A  





















Genes within 10 Kp 
of SNP Annotation 
S3_6293807 3 6293807 1.07E-05 0.48 1391 0.23 0.24 0.032 GRMZM2G077981 F-box/RNI-like superfamily 
protein  
S3_10284707 3 10284707 4.04E-05 0.14 1391 0.23 0.24 0.048 GRMZM2G118243 (ATPDR4,PDR4): 
pleiotropic drug 
resistance 4  
S3_10449787 3 10449787 2.33E-05 0.14 1391 0.23 0.24 0.039 GRMZM2G036340 (ATGA3OX1,GA3OX1,GA4)
: gibberellin 3-oxidase 1  
S3_10449805 3 10449805 2.33E-05 0.14 1391 0.23 0.24 0.039 GRMZM2G036340 (ATGA3OX1,GA3OX1,GA4)
: gibberellin 3-oxidase 1  
S3_10517929 3 10517929 2.38E-05 0.14 1391 0.23 0.24 0.039 GRMZM5G868061 (BES1,BZR2): 
Brassinosteroid signalling 
positive regulator (BZR1) 
family protein  
S3_10517929 3 10517929 2.38E-05 0.14 1391 0.23 0.24 0.039 GRMZM2G348238 Homeodomain-like 
superfamily protein  
S3_10531056 3 10531056 3.89E-05 0.22 1391 0.23 0.24 0.047 GRMZM2G348238 Homeodomain-like 
superfamily protein  




S3_19967649 3 19967649 2.60E-05 0.20 1391 0.23 0.24 0.041 GRMZM2G467671 Protein kinase superfamily 
protein  
S3_20746930 3 20746930 3.88E-05 0.21 1391 0.23 0.24 0.047 GRMZM2G003794 (ATXYN1,RXF12): glycosyl 
hydrolase family 10 
protein / carbohydrate-
binding domain-
containing protein  
           





















Genes within 10 Kp 
of SNP Annotation 
S3_20746933 3 20746933 3.88E-05 0.21 1391 0.23 0.24 0.047 GRMZM2G003794 (ATXYN1,RXF12): glycosyl 
hydrolase family 10 
protein / carbohydrate-
binding domain-
containing protein  
S3_26309300 3 26309300 3.60E-06 0.05 1391 0.23 0.24 0.028 GRMZM2G104829 Glycosyltransferase family 
61 protein 
S3_141572234 3 141572234 3.74E-05 0.08 1391 0.23 0.24 0.047 GRMZM2G115812 SAP domain containing 
protein, expressed  
S3_166796168 3 166796168 2.67E-05 0.14 1391 0.23 0.24 0.041 GRMZM2G141632 POEI32 - Pollen Ole e I 
allergen and extensin 
family protein precursor, 
expressed  
S3_166796168 3 166796168 2.67E-05 0.14 1391 0.23 0.24 0.041 GRMZM2G141638 (PLT2): Integrase-type 
DNA-binding superfamily 
protein  
S3_167009322 3 167009322 3.42E-05 0.33 1391 0.23 0.24 0.046 GRMZM2G346132 Protein kinase superfamily 
protein  
S3_167009322 3 167009322 3.42E-05 0.33 1391 0.23 0.24 0.046 GRMZM2G047572 Family of unknown 
function (DUF566)  
S3_167009322 3 167009322 3.42E-05 0.33 1391 0.23 0.24 0.046 GRMZM2G346138 S-adenosyl-L-methionine-
dependent 
methyltransferases 
superfamily protein  
S3_167009322 3 167009322 3.42E-05 0.33 1391 0.23 0.24 0.046 GRMZM2G438045 Ribosomal RNA processing 
Brix domain protein  
S3_167073581 3 167073581 1.64E-05 0.10 1391 0.23 0.24 0.036 GRMZM2G137174 (PLA IIA,PLA2A,PLP2): 
phospholipase A 2A  
S3_167478960 3 167478960 8.86E-07 0.06 1391 0.23 0.24 0.019 GRMZM2G044584 Ribosomal protein L13 





















Genes within 10 Kp 
of SNP Annotation 
S3_167478960 3 167478960 8.86E-07 0.06 1391 0.23 0.24 0.019 GRMZM2G118362 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S3_167479036 3 167479036 2.01E-05 0.08 1391 0.23 0.24 0.037 GRMZM2G044584 Ribosomal protein L13 
family protein  
S3_167479036 3 167479036 2.01E-05 0.08 1391 0.23 0.24 0.037 GRMZM2G118362 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S3_184948734 3 184948734 4.80E-07 0.16 1391 0.23 0.24 0.017 GRMZM2G065290 (ATWRKY46,WRKY46): 
WRKY DNA-binding 
protein 46 
S3_191777687 3 191777687 2.65E-06 0.39 1391 0.23 0.24 0.028 GRMZM2G093239 Transducin/WD40 repeat-
like superfamily protein  
S3_191777687 3 191777687 2.65E-06 0.39 1391 0.23 0.24 0.028 GRMZM2G093101 (ATPAP10,PAP10): purple 
acid phosphatase 10  
S3_199293203 3 199293203 1.95E-05 0.13 1391 0.23 0.24 0.037 GRMZM5G818186 6-phosphogluconate 
dehydrogenase family 
protein  
S3_199561708 3 199561708 1.53E-05 0.16 1391 0.23 0.24 0.036 GRMZM2G078210 stress-induced protein, 
putative, expressed  
S3_199561708 3 199561708 1.53E-05 0.16 1391 0.23 0.24 0.036 GRMZM5G815165 Peptidase M28 family 
protein  
S3_209904786 3 209904786 7.40E-06 0.48 1391 0.23 0.24 0.030 GRMZM2G346639 Nucleotidyltransferase 
family protein  
S3_224467850 3 224467850 4.03E-06 0.42 1391 0.23 0.24 0.028 GRMZM5G874955 (ABCG40,ATABCG40,ATPD
R12,PDR12): pleiotropic 
drug resistance 12  
S3_224467850 3 224467850 4.03E-06 0.42 1391 0.23 0.24 0.028 GRMZM2G143234 ATP synthase epsilon 
chain, mitochondrial  
S3_225206118 3 225206118 3.36E-05 0.26 1391 0.23 0.24 0.046 GRMZM2G001296 (MEE18): maternal effect 





















Genes within 10 Kp 
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S3_225206145 3 225206145 2.34E-05 0.26 1391 0.23 0.24 0.039 GRMZM2G001296 (MEE18): maternal effect 
embryo arrest 18  
S4_185864906 4 185864906 3.78E-05 0.06 1391 0.23 0.24 0.047 GRMZM2G071378 Nucleotide-sugar 
transporter family protein  
S4_185864906 4 185864906 3.78E-05 0.06 1391 0.23 0.24 0.047 GRMZM2G071288 Peroxisomal membrane 
22 kDa (Mpv17/PMP22) 
family protein  
S4_206079691 4 206079691 1.86E-05 0.07 1391 0.23 0.24 0.037 GRMZM2G046024 (ABCG25,ATABCG25): 
ATP-binding casette family 
G25  
S4_208396741 4 208396741 1.57E-05 0.21 1391 0.23 0.24 0.036 GRMZM2G413253 (EMB2778,FKP1,HMGS,M
VA1): 
hydroxymethylglutaryl-
CoA synthase / HMG-CoA 
synthase / 3-hydroxy-3-
methylglutaryl coenzyme 
A synthase  





directed DNA  
S4_238297872 4 238297872 4.22E-06 0.26 1391 0.23 0.24 0.028 GRMZM2G061023 (ATRAD1,RAD1,UVH1): 
Restriction endonuclease, 
type II-like superfamily 
protein  
S4_240106489 4 240106489 3.47E-05 0.21 1391 0.23 0.24 0.046 GRMZM2G079348 (CAT1): catalase 1  
S4_240106495 4 240106495 3.27E-05 0.22 1391 0.23 0.24 0.045 GRMZM2G079348 (CAT1): catalase 1  





















Genes within 10 Kp 
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S5_2796695 5 2796695 7.49E-06 0.06 1391 0.23 0.24 0.030 GRMZM2G108716 (TFIIS): transcript 
elongation factor IIS  
S5_2796695 5 2796695 7.49E-06 0.06 1391 0.23 0.24 0.030 GRMZM2G108677 RNA-binding KH domain-
containing protein  
S5_2796695 5 2796695 7.49E-06 0.06 1391 0.23 0.24 0.030 GRMZM5G899149 Ribosomal protein S26e 
family protein  
S5_2796695 5 2796695 7.49E-06 0.06 1391 0.23 0.24 0.030 GRMZM2G108694 (CKI1): Signal transduction 
histidine kinase  
S5_14023517 5 14023517 1.82E-05 0.12 1391 0.23 0.24 0.037 GRMZM2G166099 gp176, putative, 
expressed  
S5_20199715 5 20199715 1.28E-05 0.28 1391 0.23 0.24 0.034 GRMZM2G070523 (ATM1,ATMYB101,MYB10
1): myb domain protein 
101  
S5_21343857 5 21343857 1.05E-05 0.09 1391 0.23 0.24 0.032 GRMZM5G851862 (CYP76C2): cytochrome 
P450, family 76, subfamily 
C, polypeptide 2  
S5_21343857 5 21343857 1.05E-05 0.09 1391 0.23 0.24 0.032 GRMZM5G823318 (AK,AK-LYS1,AK1): 
aspartate kinase 1  
S5_58135277 5 58135277 1.07E-05 0.14 1391 0.23 0.24 0.032 GRMZM2G083472 myb-like HTH 
transcriptional regulator 
family protein  
S5_58135277 5 58135277 1.07E-05 0.14 1391 0.23 0.24 0.032 GRMZM2G083515 (ATRING1A,RING1A): RING 
1A 
S5_58135277 5 58135277 1.07E-05 0.14 1391 0.23 0.24 0.032 GRMZM2G076437 transposon protein, 
putative, Mariner sub-
class, expressed  
S5_187201430 5 187201430 1.12E-05 0.12 1391 0.23 0.24 0.033 GRMZM2G098474 (ARR4,ATRR1,IBC7,MEE7): 
response regulator 4  
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S5_188393532 5 188393532 2.10E-06 0.11 1391 0.23 0.24 0.028 GRMZM2G172239 BolA-like family protein 




S5_189042095 5 189042095 4.07E-05 0.07 1391 0.23 0.24 0.049 GRMZM2G066997 Remorin family protein  




S5_211731565 5 211731565 1.61E-05 0.36 1391 0.23 0.24 0.036 GRMZM5G893117 (AtGRF5,GRF5): growth-
regulating factor 5  
S6_62445041 6 62445041 2.13E-05 0.36 1391 0.23 0.24 0.038 GRMZM2G444845 (ATBAG3,BAG3): BCL-2-
associated athanogene 3  
S6_73331053 6 73331053 5.10E-06 0.06 1391 0.23 0.24 0.028 GRMZM5G811212 Lactate/malate 
dehydrogenase family 
protein  
S6_75619996 6 75619996 2.95E-05 0.06 1391 0.23 0.24 0.044 GRMZM2G351047 Major facilitator 
superfamily protein  
S6_75619996 6 75619996 2.95E-05 0.06 1391 0.23 0.24 0.044 GRMZM5G835276 GDSL-like 
Lipase/Acylhydrolase 
superfamily protein  
S6_75619996 6 75619996 2.95E-05 0.06 1391 0.23 0.24 0.044 GRMZM5G829897 SGNH hydrolase-type 
esterase superfamily 
protein  





















Genes within 10 Kp 
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S6_88983465 6 88983465 4.30E-06 0.38 1391 0.23 0.24 0.028 GRMZM2G139657 O-fucosyltransferase 
family protein  
S6_89067954 6 89067954 2.68E-05 0.10 1391 0.23 0.24 0.041 GRMZM2G089400 Bifunctional 
inhibitor/lipid-transfer 
protein/seed storage 2S 
albumin superfamily 
protein  
S6_131141133 6 131141133 3.05E-05 0.07 1391 0.23 0.24 0.044 GRMZM2G051474 (UGT72B3): UDP-glucosyl 
transferase 72B3  
S6_132888711 6 132888711 3.47E-05 0.06 1391 0.23 0.24 0.046 GRMZM2G030123 basic helix-loop-helix 
(bHLH) DNA-binding 
superfamily protein  
S6_164689232 6 164689232 2.41E-05 0.05 1391 0.23 0.24 0.039 GRMZM2G022453 Ribosomal protein L18ae 
family  
S6_164689232 6 164689232 2.41E-05 0.05 1391 0.23 0.24 0.039 GRMZM2G023190 F-box/RNI-like superfamily 
protein  
S6_164689232 6 164689232 2.41E-05 0.05 1391 0.23 0.24 0.039 GRMZM2G022619 Ribosomal protein 
L18ae/LX family protein  
S6_164689232 6 164689232 2.41E-05 0.05 1391 0.23 0.24 0.039 GRMZM2G023133 Cytochrome b561/ferric 
reductase transmembrane 
protein family  
S6_165135369 6 165135369 1.17E-05 0.10 1391 0.23 0.24 0.033 GRMZM2G160460 Major facilitator 
superfamily protein  
S6_165135369 6 165135369 1.17E-05 0.10 1391 0.23 0.24 0.033 GRMZM2G160504 Major facilitator 
superfamily protein  
S6_165151862 6 165151862 9.12E-06 0.05 1391 0.23 0.24 0.030 GRMZM2G160430 Major facilitator 
superfamily protein  
S6_166890758 6 166890758 2.96E-06 0.43 1391 0.23 0.24 0.028 GRMZM2G159016 (scpl50): serine 
carboxypeptidase-like 50  





















Genes within 10 Kp 
of SNP Annotation 
S6_166890758 6 166890758 2.96E-06 0.43 1391 0.23 0.24 0.028 GRMZM2G158998 Phox-associated 
domain;Phox-like;Sorting 
nexin, C-terminal  
S6_166890758 6 166890758 2.96E-06 0.43 1391 0.23 0.24 0.028 GRMZM2G458538 O-acetyltransferase family 
protein  
S6_166890758 6 166890758 2.96E-06 0.43 1391 0.23 0.24 0.028 GRMZM2G458448 Late embryogenesis 
abundant (LEA) 
hydroxyproline-rich 
glycoprotein family  
S6_166890758 6 166890758 2.96E-06 0.43 1391 0.23 0.24 0.028 GRMZM2G159028 RNA-binding 
(RRM/RBD/RNP motifs) 
family protein  
S7_922201 7 922201 3.70E-05 0.08 1391 0.23 0.24 0.047 GRMZM2G020104 (ATGLR3.4,GLR3.4,GLUR3)
: glutamate receptor 3.4  
S7_922495 7 922495 6.22E-06 0.07 1391 0.23 0.24 0.030 GRMZM2G020104 (ATGLR3.4,GLR3.4,GLUR3)
: glutamate receptor 3.4  
S7_1317269 7 1317269 1.94E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G120563 Calcium-dependent lipid-
binding (CaLB domain) 
family protein  
S7_1317269 7 1317269 1.94E-05 0.45 1391 0.23 0.24 0.037 GRMZM2G555108 Transducin/WD40 repeat-
like superfamily protein  
S7_2747413 7 2747413 1.05E-05 0.14 1391 0.23 0.24 0.032 GRMZM5G810231 OsFBL33 - F-box domain 
and LRR containing 
protein, expressed  
S7_2747427 7 2747427 1.05E-05 0.14 1391 0.23 0.24 0.032 GRMZM5G810231 OsFBL33 - F-box domain 
and LRR containing 
protein, expressed  
























Genes within 10 Kp 
of SNP Annotation 
S7_4965889 7 4965889 2.23E-05 0.43 1391 0.23 0.24 0.039 GRMZM2G039922 (HERK2): hercules 
receptor kinase 2  
S7_8048336 7 8048336 2.96E-05 0.32 1391 0.23 0.24 0.044 GRMZM2G074479 (ATUBC2,UBC2): 
ubiquiting-conjugating 
enzyme 2  
S7_8048336 7 8048336 2.96E-05 0.32 1391 0.23 0.24 0.044 GRMZM5G860810 Leucine-rich repeat 
protein kinase family 
protein  
S7_118306535 7 118306535 5.84E-06 0.28 1391 0.23 0.24 0.030 GRMZM2G041175 (TET8): tetraspanin8  
S7_118306535 7 118306535 5.84E-06 0.28 1391 0.23 0.24 0.030 GRMZM2G040945  HAD-superfamily 
hydrolase, subfamily IG, 
5\'-nucleotidase  
S7_118306535 7 118306535 5.84E-06 0.28 1391 0.23 0.24 0.030 GRMZM2G339728 retrotransposon protein, 
putative, unclassified, 
expressed  
S7_118306577 7 118306577 8.30E-06 0.29 1391 0.23 0.24 0.030 GRMZM2G041175 (TET8): tetraspanin8  
S7_118306577 7 118306577 8.30E-06 0.29 1391 0.23 0.24 0.030 GRMZM2G040945 HAD-superfamily 
hydrolase, subfamily IG, 
5\'-nucleotidase  
S7_118306577 7 118306577 8.30E-06 0.29 1391 0.23 0.24 0.030 GRMZM2G339728 retrotransposon protein, 
putative, unclassified, 
expressed  
S7_118307964 7 118307964 1.05E-06 0.16 1391 0.23 0.24 0.020 GRMZM2G041175 (TET8): tetraspanin8  
S7_118307964 7 118307964 1.05E-06 0.16 1391 0.23 0.24 0.020 GRMZM2G040945 HAD-superfamily 
hydrolase, subfamily IG, 
5\'-nucleotidase  
S7_118307964 7 118307964 1.05E-06 0.16 1391 0.23 0.24 0.020 GRMZM2G339728 retrotransposon protein, 
putative, unclassified, 
expressed  





















Genes within 10 Kp 
of SNP Annotation 
S7_118307966 7 118307966 1.05E-06 0.16 1391 0.23 0.24 0.020 GRMZM2G040945 HAD-superfamily 
hydrolase, subfamily IG, 
5\'-nucleotidase  
S7_118307966 7 118307966 1.05E-06 0.16 1391 0.23 0.24 0.020 GRMZM2G339728 retrotransposon protein, 
putative, unclassified, 
expressed  
S7_118508768 7 118508768 3.08E-05 0.13 1391 0.23 0.24 0.044 GRMZM2G114751 nodulin MtN21 /EamA-
like transporter family 
protein  
S7_118508768 7 118508768 3.08E-05 0.13 1391 0.23 0.24 0.044 GRMZM2G114642 (CER3,FLP1,WAX2,YRE): 
Fatty acid hydroxylase 
superfamily  
S7_119974729 7 119974729 6.35E-06 0.37 1391 0.23 0.24 0.030 GRMZM2G137676 Plant invertase/pectin 
methylesterase inhibitor 
superfamily  
S7_119975995 7 119975995 2.62E-06 0.37 1391 0.23 0.24 0.028 GRMZM2G137676 Plant invertase/pectin 
methylesterase inhibitor 
superfamily  
S7_120201871 7 120201871 2.50E-05 0.18 1391 0.23 0.24 0.040 GRMZM2G138976 ARID/BRIGHT DNA-
binding domain-
containing protein  
S7_120201871 7 120201871 2.50E-05 0.18 1391 0.23 0.24 0.040 GRMZM2G138727 PROLM23 - Prolamin 
precursor, expressed  
S7_120201889 7 120201889 1.30E-05 0.16 1391 0.23 0.24 0.035 GRMZM2G138976 ARID/BRIGHT DNA-
binding domain-
containing protein  
S7_120201889 7 120201889 1.30E-05 0.16 1391 0.23 0.24 0.035 GRMZM2G138727 PROLM23 - Prolamin 
precursor, expressed  
S7_122073695 7 122073695 2.40E-06 0.31 1391 0.23 0.24 0.028 GRMZM2G050172 (AT-RSH3,ATRSH3,RSH3): 





















Genes within 10 Kp 
of SNP Annotation 
S7_122073695 7 122073695 2.40E-06 0.31 1391 0.23 0.24 0.028 GRMZM2G086714 (AT-RSH3,ATRSH3,RSH3): 
RELA/SPOT homolog 3  
S7_122073695 7 122073695 2.40E-06 0.31 1391 0.23 0.24 0.028 GRMZM2G388045 (ATGEX1,GEX1): gamete 
expressed protein 1  
S7_124568038 7 124568038 3.56E-06 0.41 1391 0.23 0.24 0.028 GRMZM2G421463 (LYM1): lysm domain GPI-
anchored protein 1 
precursor  
S7_144303950 7 144303950 3.69E-05 0.24 1391 0.23 0.24 0.047 GRMZM2G095839 SAUR-like auxin-
responsive protein family  
S7_161684220 7 161684220 1.17E-05 0.08 1391 0.23 0.24 0.033 GRMZM2G396397 (FRO1): NADH-ubiquinone 
oxidoreductase-related  
S7_162068990 7 162068990 1.10E-06 0.11 1391 0.23 0.24 0.020 GRMZM2G357734 (PDE226,PDS,PDS3): 
phytoene desaturase 3  
S7_162068990 7 162068990 1.10E-06 0.11 1391 0.23 0.24 0.020 GRMZM2G057247 (ATFH6,FH6): formin 
homolog 6  
S7_162710260 7 162710260 2.29E-06 0.32 1391 0.23 0.24 0.028 GRMZM2G008712 (ZFP7): zinc finger protein 
7 
S7_162710260 7 162710260 2.29E-06 0.32 1391 0.23 0.24 0.028 GRMZM2G309970 (WPP2): WPP domain 
protein 2 
S7_162710260 7 162710260 2.29E-06 0.32 1391 0.23 0.24 0.028 GRMZM2G008468 Got1/Sft2-like vescicle 
transport protein family  
S7_162801789 7 162801789 1.86E-06 0.37 1391 0.23 0.24 0.028 GRMZM2G119740 Prefoldin chaperone 
subunit family protein  
S7_162801789 7 162801789 1.86E-06 0.37 1391 0.23 0.24 0.028 GRMZM2G119705 ribosome inactivating 
protein, putative, 
expressed  
S7_176480402 7 176480402 2.05E-05 0.21 1391 0.23 0.24 0.037 AC197544.3_FG002 (ULP1B): UB-like protease 
1B  
           





















Genes within 10 Kp 
of SNP Annotation 
S8_18967101 8 18967101 7.02E-06 0.07 1391 0.23 0.24 0.030 GRMZM2G047949 (HEN2): RNA helicase, 
ATP-dependent, 
SK12/DOB1 protein  
S8_18967107 8 18967107 7.02E-06 0.07 1391 0.23 0.24 0.030 GRMZM2G047949 (HEN2): RNA helicase, 
ATP-dependent, 
SK12/DOB1 protein  
S8_19122007 8 19122007 4.35E-06 0.05 1391 0.23 0.24 0.028 GRMZM2G125020 DUF581 domain 
containing protein, 
expressed  
S8_19961897 8 19961897 1.44E-05 0.11 1391 0.23 0.24 0.035 GRMZM2G095280 (UGT74E2): Uridine 
diphosphate 
glycosyltransferase 74E2  
S8_19961897 8 19961897 1.44E-05 0.11 1391 0.23 0.24 0.035 GRMZM2G095265 (SAG12): senescence-
associated gene 12  
S8_19968068 8 19968068 7.45E-06 0.06 1391 0.23 0.24 0.030 GRMZM2G095280 (UGT74E2): Uridine 
diphosphate 
glycosyltransferase 74E2  
S8_19968068 8 19968068 7.45E-06 0.06 1391 0.23 0.24 0.030 GRMZM2G095255 RING/U-box superfamily 
protein  
S8_19968068 8 19968068 7.45E-06 0.06 1391 0.23 0.24 0.030 GRMZM2G095265 (SAG12): senescence-
associated gene 12  
S8_20091529 8 20091529 4.14E-05 0.22 1391 0.23 0.24 0.049 GRMZM2G395749 (ALY3,ATALY3): DNA 
binding 
S8_21615429 8 21615429 8.95E-06 0.07 1391 0.23 0.24 0.030 GRMZM2G034157 (HSP17.6II): 17.6 kDa class 
II heat shock protein  
S8_21830626 8 21830626 8.55E-06 0.06 1391 0.23 0.24 0.030 GRMZM2G032049 (OVA9): glutamine-tRNA 
ligase, putative / 
glutaminyl-tRNA 
synthetase, putative / 





















Genes within 10 Kp 
of SNP Annotation 
S8_21830626 8 21830626 8.55E-06 0.06 1391 0.23 0.24 0.030 GRMZM2G032252 (ATHMG,HMG,NFD,SSRP1
): high mobility group  
S8_22510436 8 22510436 8.18E-06 0.05 1391 0.23 0.24 0.030 GRMZM2G309568 zinc ion binding 
S8_22510436 8 22510436 8.18E-06 0.05 1391 0.23 0.24 0.030 GRMZM2G009475 avr9/Cf-9 rapidly elicited 
protein 146, putative, 
expressed  
S8_66288692 8 66288692 1.88E-05 0.24 1391 0.23 0.24 0.037 GRMZM2G477340 phosphatidyl serine 
synthase family protein  
S8_104463909 8 104463909 1.37E-05 0.06 1391 0.23 0.24 0.035 GRMZM2G047152 LRR and NB-ARC domains-
containing disease 
resistance protein  
S8_104463909 8 104463909 1.37E-05 0.06 1391 0.23 0.24 0.035 GRMZM2G347471 xylose isomerase family 
protein  
S8_104463909 8 104463909 1.37E-05 0.06 1391 0.23 0.24 0.035 AC203955.3_FG005 DUF1517 domain 
containing protein, 
putative, expressed  
S8_113504730 8 113504730 1.34E-05 0.07 1391 0.23 0.24 0.035 GRMZM2G170552 (CIPK10,PKS2,SIP1,SNRK3.
8): SOS3-interacting 
protein 1 
S8_124490717 8 124490717 4.02E-05 0.05 1391 0.23 0.24 0.048 GRMZM2G173710 (AHP4): HPT 
phosphotransmitter 4  
S8_132204020 8 132204020 8.88E-07 0.10 1391 0.23 0.24 0.019 GRMZM2G474726 (ATTERC,PDE149): integral 
membrane TerC family 
protein  




           





















Genes within 10 Kp 
of SNP Annotation 
S8_137974581 8 137974581 1.86E-05 0.06 1391 0.23 0.24 0.037 GRMZM2G081653 rossmann fold nucleotide-
binding protein involved 
in DNA uptake, putative, 
expressed  
S8_141928387 8 141928387 3.64E-05 0.47 1391 0.23 0.24 0.047 GRMZM2G044343 C3HC zinc finger-like  
S8_151270836 8 151270836 7.89E-06 0.22 1391 0.23 0.24 0.030 GRMZM2G017305 (AAA1,ATKTN1,BOT1,ERH
3,FRA2,FRC2,FTR,KTN1,LU








S8_155975151 8 155975151 1.19E-05 0.05 1391 0.23 0.24 0.033 GRMZM2G144707 (HVA22F): HVA22-like 
protein F 
S8_155975151 8 155975151 1.19E-05 0.05 1391 0.23 0.24 0.033 GRMZM2G444819 (AtS40-3): AtS40-3  
S8_155975151 8 155975151 1.19E-05 0.05 1391 0.23 0.24 0.033 GRMZM2G144701 HVA22, putative, 
expressed  
S8_157964577 8 157964577 8.83E-06 0.05 1391 0.23 0.24 0.030 GRMZM2G016827 MEMO1, putative, 
expressed  
S8_157964577 8 157964577 8.83E-06 0.05 1391 0.23 0.24 0.030 GRMZM2G319187 (ARR9,ATRR4): response 
regulator 9  
S8_158576441 8 158576441 3.08E-05 0.05 1391 0.23 0.24 0.044 GRMZM2G101053 Essential protein Yae1, N-
terminal  
S8_158576441 8 158576441 3.08E-05 0.05 1391 0.23 0.24 0.044 GRMZM2G101080 Plant calmodulin-binding 
protein-related  
           





















Genes within 10 Kp 
of SNP Annotation 
S8_158576441 8 158576441 3.08E-05 0.05 1391 0.23 0.24 0.044 GRMZM2G402708 Early-responsive to 
dehydration stress protein 
(ERD4)  
S8_158576443 8 158576443 3.08E-05 0.05 1391 0.23 0.24 0.044 GRMZM2G101053 Essential protein Yae1, N-
terminal  
S8_158576443 8 158576443 3.08E-05 0.05 1391 0.23 0.24 0.044 GRMZM2G101080 Plant calmodulin-binding 
protein-related  
S8_158576443 8 158576443 3.08E-05 0.05 1391 0.23 0.24 0.044 GRMZM2G402708 Early-responsive to 
dehydration stress protein 
(ERD4)  
S8_158576448 8 158576448 3.90E-05 0.05 1391 0.23 0.24 0.047 GRMZM2G101080 Plant calmodulin-binding 
protein-related  
S8_158576448 8 158576448 3.90E-05 0.05 1391 0.23 0.24 0.047 GRMZM2G101053 Essential protein Yae1, N-
terminal  
S8_158576448 8 158576448 3.90E-05 0.05 1391 0.23 0.24 0.047 GRMZM2G402708 Early-responsive to 
dehydration stress protein 
(ERD4)  
S8_161081093 8 161081093 1.42E-05 0.13 1391 0.23 0.24 0.035 GRMZM2G145280 (ATBBC1,BBC1,RSU2): 
breast basic conserved 1  
S8_161081093 8 161081093 1.42E-05 0.13 1391 0.23 0.24 0.035 GRMZM2G145496 (RPL27): ribosomal 
protein large subunit 27  
S8_161081098 8 161081098 1.88E-05 0.13 1391 0.23 0.24 0.037 GRMZM2G145280 (ATBBC1,BBC1,RSU2): 
breast basic conserved 1  
S8_161081098 8 161081098 1.88E-05 0.13 1391 0.23 0.24 0.037 GRMZM2G145496 (RPL27): ribosomal 
protein large subunit 27  
S8_170060763 8 170060763 2.03E-05 0.18 1391 0.23 0.24 0.037 GRMZM2G043498 (SNX2b): sorting nexin 2B  
S8_171407343 8 171407343 4.03E-07 0.09 1391 0.23 0.24 0.017 GRMZM2G310115  plectin-related  
S8_171407343 8 171407343 4.03E-07 0.09 1391 0.23 0.24 0.017 GRMZM2G012160 (ATCYS6,ATCYSB,CYSB): 
cystatin B  





















Genes within 10 Kp 
of SNP Annotation 
S8_171407349 8 171407349 3.31E-05 0.09 1391 0.23 0.24 0.045 GRMZM2G012160 (ATCYS6,ATCYSB,CYSB): 
cystatin B  
S9_3895906 9 3895906 3.79E-05 0.13 1391 0.23 0.24 0.047 GRMZM2G048243 protein tyrosine kinase 
family protein  
S9_6066603 9 6066603 9.42E-06 0.25 1391 0.23 0.24 0.031 GRMZM2G019291 TLD-domain containing 
nucleolar protein  
S9_6066607 9 6066607 9.42E-06 0.25 1391 0.23 0.24 0.031 GRMZM2G019291 TLD-domain containing 
nucleolar protein  
S9_18880032 9 18880032 3.23E-05 0.06 1391 0.23 0.24 0.045 GRMZM2G405203 (MAX2,ORE9,PPS): RNI-
like superfamily protein  




superfamily protein  
S9_18880032 9 18880032 3.23E-05 0.06 1391 0.23 0.24 0.045 GRMZM2G103137 Hydrolase-like protein 
family  
S9_18880032 9 18880032 3.23E-05 0.06 1391 0.23 0.24 0.045 GRMZM2G020216 (ATMAPK6,ATMPK6,MAPK
6,MPK6): MAP kinase 6  
S9_20461787 9 20461787 2.66E-06 0.05 1391 0.23 0.24 0.028 GRMZM2G173641 (DXPS3): 1-deoxy-D-
xylulose 5-phosphate 
synthase 3  
S9_20461787 9 20461787 2.66E-06 0.05 1391 0.23 0.24 0.028 GRMZM2G173628 (FSD3): Fe superoxide 
dismutase 3  
S9_20461787 9 20461787 2.66E-06 0.05 1391 0.23 0.24 0.028 GRMZM2G173693 (ATSRL1): PRP38 family 
protein  
S9_24366897 9 24366897 1.94E-08 0.22 1391 0.23 0.24 0.004 GRMZM2G069008 (ATNUDT14,ATNUDX14,N
UDX14): nudix hydrolase 
homolog 14  





















Genes within 10 Kp 
of SNP Annotation 
S9_88298335 9 88298335 2.94E-05 0.05 1391 0.23 0.24 0.044 GRMZM2G337594 RALFL28 - Rapid 
ALkalinization Factor RALF 
family protein precursor, 
expressed  
S9_88298362 9 88298362 2.94E-05 0.05 1391 0.23 0.24 0.044 GRMZM2G337594 RALFL28 - Rapid 
ALkalinization Factor RALF 
family protein precursor, 
expressed  
S9_88796128 9 88796128 6.15E-07 0.06 1391 0.23 0.24 0.017 GRMZM2G019872 Zinc-binding 
dehydrogenase family 
protein  
S9_101204234 9 101204234 3.06E-05 0.06 1391 0.23 0.24 0.044 GRMZM2G378653 basic helix-loop-helix 
(bHLH) DNA-binding 
superfamily protein  
S9_113813946 9 113813946 6.13E-06 0.09 1391 0.23 0.24 0.030 GRMZM2G103236 GroES-like family protein  
S9_113813946 9 113813946 6.13E-06 0.09 1391 0.23 0.24 0.030 GRMZM2G103169 Peroxidase superfamily 
protein  
S9_126935906 9 126935906 2.37E-05 0.31 1391 0.23 0.24 0.039 GRMZM5G806784 SNARE associated Golgi 
protein family  
S9_126935906 9 126935906 2.37E-05 0.31 1391 0.23 0.24 0.039 GRMZM5G880028 calmodulin-binding family 
protein  
S9_134998591 9 134998591 1.53E-05 0.06 1391 0.23 0.24 0.036 GRMZM2G092174 (HY3,OOP1,PHYB): 
phytochrome B  
S9_135275877 9 135275877 1.18E-05 0.06 1391 0.23 0.24 0.033 GRMZM5G875502 (CLF,ICU1,SDG1,SET1): SET 
domain-containing 
protein  
S9_135275877 9 135275877 1.18E-05 0.06 1391 0.23 0.24 0.033 AC233955.1_FG008 Calcium-dependent 
phosphotriesterase 
superfamily protein  





















Genes within 10 Kp 
of SNP Annotation 
S9_135275877 9 135275877 1.18E-05 0.06 1391 0.23 0.24 0.033 AC233955.1_FG009 (TBL6): TRICHOME 
BIREFRINGENCE-LIKE 6  
S9_146069298 9 146069298 7.79E-06 0.07 1391 0.23 0.24 0.030 GRMZM2G152919 ARM repeat superfamily 
protein  
S9_149247063 9 149247063 2.49E-05 0.11 1391 0.23 0.24 0.040 GRMZM2G004377 Protein phosphatase 2C 
family protein  
S9_149247063 9 149247063 2.49E-05 0.11 1391 0.23 0.24 0.040 GRMZM2G004528 (ATIPS1,ATMIPS1,MI-1-P 
SYNTHASE,MIPS1): myo-
inositol-1-phosphate 
synthase 1  
S9_149247063 9 149247063 2.49E-05 0.11 1391 0.23 0.24 0.040 GRMZM2G004466 Bifunctional 
inhibitor/lipid-transfer 
protein/seed storage 2S 
albumin superfamily 
protein  
S9_150243350 9 150243350 3.35E-05 0.06 1391 0.23 0.24 0.046 GRMZM2G036349 ZIM domain containing 
protein, putative, 
expressed  
S9_150243350 9 150243350 3.35E-05 0.06 1391 0.23 0.24 0.046 GRMZM2G036351 (JAZ2,TIFY10B): TIFY 
domain/Divergent CCT 
motif family protein  
S9_150243350 9 150243350 3.35E-05 0.06 1391 0.23 0.24 0.046 GRMZM2G036411 (FDH,KCS10): 3-ketoacyl-
CoA synthase 10  
S9_151246748 9 151246748 1.90E-05 0.07 1391 0.23 0.24 0.037 GRMZM2G087901 (ATSUC3,ATSUT2,SUC3,SU
T2): sucrose transporter 2  
S9_151289456 9 151289456 4.14E-05 0.05 1391 0.23 0.24 0.049 GRMZM2G178859 (COX10): cytochrome c 
oxidase 10  
           
           





















Genes within 10 Kp 
of SNP Annotation 




superfamily protein  
S9_151289456 9 151289456 4.14E-05 0.05 1391 0.23 0.24 0.049 GRMZM2G178826 3-dehydroquinate 
synthase, putative, 
expressed  
S9_151490165 9 151490165 1.90E-05 0.46 1391 0.23 0.24 0.037 GRMZM2G120975 Calcium-binding EF hand 
family protein  
S9_151490165 9 151490165 1.90E-05 0.46 1391 0.23 0.24 0.037 GRMZM2G420926 (PP2A-3): protein 
phosphatase 2A-3  
S9_151490165 9 151490165 1.90E-05 0.46 1391 0.23 0.24 0.037 GRMZM2G120987 (FAR2,MS2): Jojoba acyl 
CoA reductase-related 
male sterility protein  
S9_151498902 9 151498902 2.23E-06 0.47 1391 0.23 0.24 0.028 GRMZM2G120975 Calcium-binding EF hand 
family protein  
S9_151820305 9 151820305 2.18E-05 0.11 1391 0.23 0.24 0.039 GRMZM2G010017 Protein phosphatase 2C 
family protein  
S9_154780055 9 154780055 4.12E-06 0.10 1391 0.23 0.24 0.028 GRMZM2G113267 DEA(D/H)-box RNA 
helicase family protein  
S9_154780055 9 154780055 4.12E-06 0.10 1391 0.23 0.24 0.028 GRMZM2G113245 (F8H): FRA8 homolog  
S9_154780058 9 154780058 4.12E-06 0.10 1391 0.23 0.24 0.028 GRMZM2G113267 DEA(D/H)-box RNA 
helicase family protein  
S9_154780058 9 154780058 4.12E-06 0.10 1391 0.23 0.24 0.028 GRMZM2G113245 (F8H): FRA8 homolog  

























Genes within 10 Kp 
of SNP Annotation 
S10_2032257 10 2032257 1.96E-05 0.10 1391 0.23 0.24 0.037 GRMZM2G180150 (GRL,NAP1,NAPP): 
transcription activators  
S10_2032257 10 2032257 1.96E-05 0.10 1391 0.23 0.24 0.037 GRMZM2G180205 Transducin/WD40 repeat-
like superfamily protein  
S10_2032257 10 2032257 1.96E-05 0.10 1391 0.23 0.24 0.037 GRMZM2G180166 Ubiquitin carboxyl-
terminal hydrolase family 
protein  
S10_2039204 10 2039204 1.06E-05 0.15 1391 0.23 0.24 0.032 GRMZM2G180244 LRR and NB-ARC domains-
containing disease 
resistance protein  
S10_2039204 10 2039204 1.06E-05 0.15 1391 0.23 0.24 0.032 GRMZM2G180150 (GRL,NAP1,NAPP): 
transcription activators  




S10_2039204 10 2039204 1.06E-05 0.15 1391 0.23 0.24 0.032 GRMZM2G180205 Transducin/WD40 repeat-
like superfamily protein  
S10_2039204 10 2039204 1.06E-05 0.15 1391 0.23 0.24 0.032 GRMZM2G180166 Ubiquitin carboxyl-
terminal hydrolase family 
protein  
S10_4675692 10 4675692 1.20E-05 0.07 1391 0.23 0.24 0.033 GRMZM2G003750 CAAX amino terminal 
protease family protein  
S10_4675692 10 4675692 1.20E-05 0.07 1391 0.23 0.24 0.033 GRMZM2G004414 (ATCAX11,CAX11): cation 
exchanger 11  
S10_4675692 10 4675692 1.20E-05 0.07 1391 0.23 0.24 0.033 GRMZM2G003762 (AILP1,ATAILP1): 
Aluminium induced 
protein with YGL and 
LRDR motifs  





















Genes within 10 Kp 
of SNP Annotation 
S10_65738413 10 65738413 2.63E-05 0.05 1391 0.23 0.24 0.041 GRMZM2G404426 (EMB1135): 
RING/FYVE/PHD zinc 
finger superfamily protein  
S10_122268779 10 122268779 2.22E-05 0.12 1391 0.23 0.24 0.039 GRMZM2G125424 (ABCB19,ATABCB19,ATM
DR1,ATMDR11,ATPGP19,
MDR1,MDR11,PGP19): 
ATP binding cassette 
subfamily B19  
S10_134498587 10 134498587 4.80E-06 0.06 1391 0.23 0.24 0.028 GRMZM2G063972 DNAJ heat shock N-
terminal domain-
containing protein  
S10_135056584 10 135056584 3.31E-06 0.06 1391 0.23 0.24 0.028 AC233979.1_FG006 DUF581 domain 
containing protein, 
expressed  
S10_135577386 10 135577386 3.76E-05 0.08 1391 0.23 0.24 0.047 GRMZM2G086553 AT hook motif DNA-
binding family protein  
S10_136834081 10 136834081 2.34E-05 0.06 1391 0.23 0.24 0.039 GRMZM2G702529 (CYP87A2): cytochrome 
P450, family 87, subfamily 
A, polypeptide 2  
S10_136876614 10 136876614 1.54E-05 0.44 1391 0.23 0.24 0.036 GRMZM5G845601 (IQD22): IQ-domain 22  
S10_142782318 10 142782318 5.51E-06 0.08 1391 0.23 0.24 0.030 GRMZM2G029039 Galactose oxidase/kelch 
repeat superfamily 
protein  
           














          
              
              
              
              
  
  Calibration Report   
  
  Corn - Whole Grain   
              
  Last Updated: March 7, 2008         
              
  NOTES           
  Moisture Basis:   As Is       




Dish       
  Temperature Variation: None       
  
Data Format:   
5nm filtered, both High 
and Low Gain   
  
Sample Origin:   
Slovania, 
Germany, US     
  Number of Instruments: 8       
              
              
              
  
  Moisture Protein Oil Starch Density 
Crude 
Fiber Ash 
Min 7.38 4.86 2.16 48.29 1.146 1.10 1.01 
Max 37.60 15.27 13.50 67.92 1.353 2.40 1.31 
R2 0.994 0.947 0.937 0.938 0.863 0.110 0.155 
SECV 0.39 0.33 0.42 0.678 0.012 0.29 0.068 
Spectra 2897 1787 1761 814 931 79 80 









Appendix F Maize Kernel Composition SAS Code for BLUP Analysis 
Below is BLUP SAS code for the trait Protein, all other traits use similar code for BLUP 
calculations 
/****** For Combined analysis of 2012 and 2013 for PROTEIN*/ 
 
data AMES12; 
infile 'U:\Research Projects\Kernel Composition\Perten 
Runs\Compiled Final File AMES 2012.csv' dsd firstobs=2 missover; 
input Plot Range Row GROUPID$ MaturityGroup ITEM$ ACCESSION$ 
Moisture Protein Oil Starch Density Fiber Ash treatn$ new; 
   Year = '1'; 
   if GroupID= 'C1' then GroupID= '3000'; 
   if GroupID= 'C2' then GroupID= '4000'; 
Data AMES12AVG; 
 set AMES12; 
 keep Plot Range Row GROUPID MaturityGroup ITEM ACCESSION 
Moisture Protein Oil Starch Density Fiber Ash treatn new year; 
proc sort; 
by maturitygroup plot; 
run; 
Data AMES12AVG1; 
 set AMES12; 
keep Range GROUPID MaturityGroup ITEM ACCESSION treatn new 
PROTEIN; 
 rename range =range12; 
 rename PROTEIN = PROTEIN12; 
proc sort; 
by GroupID ; 
run; 
data AMES13; 
infile 'U:\Research Projects\Kernel Composition\Perten 
Runs\Compiled Final File AMES 2013.csv' dsd firstobs=2 missover; 
input Plot Range Row GROUPID$ MaturityGroup ITEM$ ACCESSION$ 
Moisture Protein Oil Starch Density Fiber Ash treatn$ new; 
   Year = '2'; 
   if GroupID= 'C1' then GroupID= '3000'; 
   if GroupID= 'C2' then GroupID= '4000'; 
Data AMES13AVG; 
 set AMES13; 
 keep Plot Range Row GROUPID MaturityGroup ITEM ACCESSION 
Moisture Protein Oil Starch Density Fiber Ash treatn new year; 
proc sort; 
by maturitygroup plot; 
run; 
Data AMES13AVG1; 
 set AMES13; 
keep Range GROUPID MaturityGroup ITEM ACCESSION treatn new 
PROTEIN; 
 rename range =range13; 









by GroupID ; 
run; 
Data AmesComb;  
set AMES12AVG AMES13AVG; 
run;  
proc sort; 
by maturitygroup plot; 
run; 
Data AmesComb1;  
merge AMES12AVG1 AMES13AVG1; 
by GroupID; 
keep range12 range13 MaturityGroup GroupID ITEM ACCESSION treatn 






/* To run an ANOVA on protein*/ 
proc glm data=AMESComb; 
class GroupID year range; 
model protein=groupid year range(year); 
random year range(year); 
run;  
 
/*To calculate BLUP*/ 
proc mixed data=AMESComb; 
by MaturityGroup; 
class year range GroupID treatn; 
model PROTEIN = treatn /solution; 
random year range(year) GroupID*New/ solution;  
lsmeans treatn; 
ods listing exclude solutionr; ods output solutionr=sr 
LSMeans=lsm; 
run; 
proc sort data = sr; 
by effect maturityGroup year; 
 
 /* Attempt to combine the Estimates for the different traits with the 
original data to compute BLUPs*/ 
Data LS; 
 set lsm; 
 rename Estimate=PROTEINuMean; 
proc sort Data=LS; 
 By MaturityGroup treatn; 
 run; 
 
proc sort data=AMESComb1; 
 By MaturityGroup treatn; 
 run; 
Data PROTEINREP; 
 merge LS AMESComb1; 








keep range12 range13 treatn GROUPID MaturityGroup ITEM ACCESSION 
PROTEINuMean PROTEIN12 PROTEIN13;   
Data PROTEINRan; 
 set sr; 
 if Effect= 'Year' then delete; 
 if GroupID= " " then PROTEINRan=Estimate; 
 else delete; 
Data PROTEINEST; 
 set sr; 
 if GroupID= '' then delete; 
 keep MaturityGroup GroupID Estimate; 
 rename Estimate=PROTEINEst; 
run;  
Data PROTEINRan12; 
 set PROTEINRan; 
 if Year=1 then PROTEINRan12=PROTEINRan; 
 else delete; 
 keep MaturityGroup Effect Range PROTEINRan12; 
 rename Range=Range12; 
Proc sort data=PROTEINRan12; 
 by MaturityGroup Range12; 
 run; 
Data PROTEINRan13; 
 set PROTEINRan; 
 if year=2 then PROTEINRan13=PROTEINRan; 
 else delete; 
 keep MaturityGroup Effect Range PROTEINRan13; 
 rename Range=Range13; 
Proc Sort data=PROTEINRan13; 
 by MaturityGroup Range13; 
 run; 
proc sort data=AmesComb1; 
 by MaturityGroup Range12; 
 run; 
data PROTEINRan12Comb; 
 merge AmesComb1 PROTEINRan12; 
 by MaturityGroup Range12; 
keep range12 range13 treatn GroupID MaturityGroup Item Accession 
PROTEINRan12 PROTEIN12 PROTEIN13; 
proc sort data=AmesComb1; 
 by MaturityGroup Range13; 
 run; 
data PROTEINRan13Comb; 
 merge AmesComb1 PROTEINRan13; 
 by MaturityGroup Range13; 
keep range12 range13 treatn GROUPID MaturityGroup ITEM ACCESSION 
PROTEINRan13 PROTEIN12 PROTEIN13;  
 
proc sort data=PROTEINRan12Comb; 
 by MaturityGroup GroupID; 
 run; 
proc sort data=PROTEINRan13Comb; 










 merge PROTEINRan12Comb PROTEINRan13Comb; 
 by MaturityGroup GroupID; 
keep range12 range13 treatn GroupID MaturityGroup Item Accession 
PROTEINRan12 PROTEINRan13 PROTEIN12 PROTEIN13; 
data combranrep; 
 merge PROTEINRanComb PROTEINRep; 
 by MaturityGroup; 
 run; 
proc sort data=combranrep; 
 by MaturityGroup GroupID; 
 run; 
proc sort data=PROTEINEst; 
 by MaturityGroup GroupID; 
 run; 
Data CombinedPROTEIN; 
 merge CombRanRep PROTEINEST; 
 by MaturityGroup GroupID; 
PROTEINBLUP= (PROTEINEST + PROTEINRan12 + PROTEINRan13 + 
PROTEINuMean); 
 if PROTEIN12='.' then PROTEINBLUP='.'; 
 if PROTEIN13='.' then PROTEINBLUP='.'; 
keep Range12 Range13 treatn GROUPID MaturityGroup ITEM ACCESSION 
PROTEIN12 PROTEIN13 PROTEINEST PROTEINRan12 PROTEINRan13 
PROTEINuMean PROTEINBLUP; 
 run;  
 
/*To check for normality of the BLUP data*/ 
 proc univariate data = combinedprotein; 
 qqplot proteinblup; 
 histogram proteinBLUP; 
 run; 
 
/* To Check to see if transformations necessary*/ 
proc transreg data= combinedprotein; 
model Box (proteinBLUP / lambda = 0 to 1 by 0.5)= class(GroupID);  
 run; 
 
/*To Compute the transformed BLUP value based on the BOXCOX 
suggestions*/ 
Data proteinfinal; 
 set combinedprotein; 
 proteinBLUP= (log(proteinBLUP)); 




/*NO TRANSFORMATION NECESSARY*/ 
proc print data=CombinedPROTEIN;run; 
 
proc export DATA= CombinedPROTEIN outfile="U:\Research Projects\Kernel 
Composition\Perten Runs\BLUPs Calculated\CombinedPROTEIN.csv" dbms=CSV   








Appendix G Maize Kernel Composition R Code for GWAS Analysis 



















setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN") 





",sep= "", head = FALSE) 
head(myG)[,1:20] 
setwd("U:/Research Projects/Leaf N Movement/2013/GAPIT RUNS/") 
myKI <- read.table("Ames_50%SNPs_Comprehensive_K_JanuaryGBS_Names.txt", sep = 












sep = "", head = TRUE) 
head(myCV) 
 
#moving to dir to dump GAPIT results 
#setwd("/results") 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr1") 
 
#Step 2: Run GAPIT for Chromosome 1 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1300, 
  group.to = 1500, 
  group.by=10, 
  #group.by = c(seq(1,1817,by=200),1817), 
  G=myG, 








",sep= "", head = FALSE) 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr2") 
 
#Step 2: Run GAPIT for Chromosome 2 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 








  group.from = 1440, 
  group.to = 1440, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr3") 
 
#Step 2: Run GAPIT for Chromosome 3 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1440, 
  group.to = 1440, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr4") 
 
#Step 2: Run GAPIT for Chromosome 4 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 








  group.to = 1440, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr5") 
 
#Step 2: Run GAPIT for Chromosome 5 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1440, 
  group.to = 1440, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr6") 
 
#Step 2: Run GAPIT for Chromosome 6 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1440, 








  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr7") 
 
#Step 2: Run GAPIT for Chromosome 7 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1440, 
  group.to = 1440, 
  G=myG, 






",sep= "", head = FALSE) 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr8") 
 
#Step 2: Run GAPIT for Chromosome 8 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1440, 
  group.to = 1440, 














",sep= "", head = FALSE) 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr9") 
 
#Step 2: Run GAPIT for Chromosome 9 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1440, 
  group.to = 1440, 
  G=myG, 






xt",sep= "", head = FALSE) 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr10") 
 
#Step 2: Run GAPIT for Chromosome 10 
myGAPIT <- GAPIT( 
  Y=myY, 
  KI=myKI, 
  CV=myCV, 
  group.from = 1440, 
  group.to = 1440, 
  G=myG, 









To Combine all the runs into 1 analysis 
#Step 0: In your working directory, create three folders, and name them "Results_1", 
#"Results_2", and "Results_Combined". Put all of the GAPIT output files from one set up 
SNPs in 
# "Results_1", and all of the GAPIT output files from the second set of SNPs in 
"Results_2". 






setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN") 





#Step 1: Set data directory and import files 
########################################################################
############### 
mydataPath.Results.1="U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr1/" 
mydataPath.Results.2="U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr2/" 
mydataPath.Results.3="U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr3/" 
mydataPath.Results.4="U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr4/" 
mydataPath.Results.5="U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr5/" 
mydataPath.Results.6="U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr6/" 









mydataPath.Results.8="U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr8/" 
mydataPath.Results.9="U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr9/" 
mydataPath.Results.10="U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Chr10/" 
 
name <- c("Protein") 
#Step 2: Set the result directory to where the combined data will go 
########################################################################
############### 
setwd("U:/Research Projects/Kernel Composition/Perten Runs/GAPIT 
RUNS/Combined_Traits/PROTEIN/Results_Combined") 
for(i in 1:length(name)){ 
#Read in the GWAS and Allelic effect estimates 
GWAS.Results.1 <- 
read.csv(paste(mydataPath.Results.1,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.2 <- 
read.csv(paste(mydataPath.Results.2,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.3 <- 
read.csv(paste(mydataPath.Results.3,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.4 <- 
read.csv(paste(mydataPath.Results.4,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.5 <- 
read.csv(paste(mydataPath.Results.5,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.6 <- 
read.csv(paste(mydataPath.Results.6,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.7 <- 
read.csv(paste(mydataPath.Results.7,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 










head = TRUE) 
GWAS.Results.9 <- 
read.csv(paste(mydataPath.Results.9,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 
head = TRUE) 
GWAS.Results.10 <- 
read.csv(paste(mydataPath.Results.10,"GAPIT..",name[i],".GWAS.Results.csv",sep=""), 




ep=""), head = TRUE) 
Effect.Estimates.2 <- 
read.csv(paste(mydataPath.Results.2,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.3 <- 
read.csv(paste(mydataPath.Results.3,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.4 <- 
read.csv(paste(mydataPath.Results.4,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.5 <- 
read.csv(paste(mydataPath.Results.5,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.6 <- 
read.csv(paste(mydataPath.Results.6,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.7 <- 
read.csv(paste(mydataPath.Results.7,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.8 <- 
read.csv(paste(mydataPath.Results.8,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s
ep=""), head = TRUE) 
Effect.Estimates.9 <- 
read.csv(paste(mydataPath.Results.9,"GAPIT..",name[i],".Allelic_Effect_Estimates.csv",s










sep=""), head = TRUE) 
 
#Append the the GWAS results and alleleic effect estimates onto one folder 
GWAS.Results <- rbind(GWAS.Results.1, GWAS.Results.2, GWAS.Results.3, 
GWAS.Results.4, GWAS.Results.5, GWAS.Results.6, GWAS.Results.7, GWAS.Results.8, 
GWAS.Results.9, GWAS.Results.10) 
Effect.Estimates <- rbind(Effect.Estimates.1, Effect.Estimates.2, Effect.Estimates.3, 
Effect.Estimates.4, Effect.Estimates.5, Effect.Estimates.6, Effect.Estimates.7, 
Effect.Estimates.8, Effect.Estimates.9, Effect.Estimates.10) 
#Remove the last column, which is the FDR adjusted P-values 
GWAS.Results <- GWAS.Results[,-ncol(GWAS.Results)] 
#Run the B-H procedure on the combined data, and append the FDR-adjusted P-values 
to the GWAS.Results 
Conduct.FDR <- GAPIT.Perform.BH.FDR.Multiple.Correction.Procedure(PWI = 
GWAS.Results, 
FDR.Rate = 0.05, FDR.Procedure = "BH") 
GWAS.Results.with.FDR <- Conduct.FDR$PWIP 
#Make QQ-plots 
GAPIT.QQ(P.values = Conduct.FDR$PWIP[,4], name.of.trait = name[i],DPP=50000) 
#Make new Manhattan plots with the combined results 
GAPIT.Manhattan(GI.MP = GWAS.Results.with.FDR[,2:4], name.of.trait = name[i], 
DPP=50000, plot.type = "Genomewise",cutOff=0.00) 
GAPIT.Manhattan(GI.MP = GWAS.Results.with.FDR[,2:4], name.of.trait = name[i], 
DPP=50000, plot.type = "Chromosomewise",cutOff=0.00) 
#Export the combined GWAS results 
write.table(GWAS.Results.with.FDR, paste("GAPIT.", name[i], ".GWAS.Results.csv", sep = 
""), 
quote = FALSE, sep = ",", row.names = FALSE,col.names = TRUE) 
#Export the combined Alleleic effect estiamtes 
write.table(Effect.Estimates, paste("GAPIT.", name[i], ".Allelic_Effect_Estimates.csv", 
sep = ""), 











































Appendix H  Maize Kernel Composition ANOVA Outputs 
H-1 Maize Kernel Ash ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 1293 11.02841 0.008529 1.57 <.0001 
Error 866 4.706103 0.005434 
  Corrected Total 2159 15.73452  
  
      R-Square Coeff Var Root MSE VTL Mean 
 0.700906 6.615222 0.073718 1.114365 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 1246 10.72171 0.008605 1.58 <.0001 
Year 1 0.00723 0.00723 1.33 0.2491 
Range(Year) 46 0.29947 0.00651 1.2 0.1761 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 1246 10.32428 0.008286 1.52 <.0001 
Year 1 0.005263 0.005263 0.97 0.3253 
































H-2 Maize Kernel Density ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 2317 20.06118 0.008658 6.38 <.0001 
Error 2585 3.50816 0.001357 
  Corrected Total 4902 23.56934 
  
 
      R-Square Coeff Var Root MSE VTL Mean 
 0.851156 2.51998 0.036839 1.461882 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 2270 11.59369 0.005107 3.76 <.0001 
Year 1 8.289517 8.289517 6108.16 <.0001 
Range(Year) 46 0.17798 0.003869 2.85 <.0001 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 2270 10.58113 0.004661 3.43 <.0001 
Year 1 8.199349 8.199349 6041.72 <.0001 




































H-3 Maize Kernel Fiber ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 1527 824.3044 0.53982 1.45 <.0001 
Error 1083 403.6136 0.372681 
  Corrected Total 2610 1227.918 
   
      R-Square Coeff Var Root MSE VTL Mean 
 0.671303 31.84907 0.610476 1.916778 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 1480 762.1229 0.514948 1.38 <.0001 
Year 1 47.63191 47.63191 127.81 <.0001 
Range(Year) 46 14.54965 0.316297 0.85 0.7534 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 1480 774.3981 0.523242 1.4 <.0001 
Year 1 46.17841 46.17841 123.91 <.0001 



































H-4 Maize Kernel Oil ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 2312 4879.709 2.110601 2.49 <.0001 
Error 2571 2178.776 0.847443 
  Corrected Total 4883 7058.485 
   
      R-Square Coeff Var Root MSE VTL Mean 
 0.691325 19.86472 0.920567 4.634178 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 2265 4525.302 1.997926 2.36 <.0001 
Year 1 329.7161 329.7161 389.07 <.0001 
Range(Year) 46 24.69102 0.536761 0.63 0.9745 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 2265 4466.954 1.972165 2.33 <.0001 
Year 1 329.5309 329.5309 388.85 <.0001 



































H-5 Maize Kernel Protein ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 2317 15138.29 6.53357 3.77 <.0001 
Error 2586 4486.684 1.73499 
  Corrected Total 4903 19624.98 
   
      R-Square Coeff Var Root MSE VTL Mean 
 0.771379 8.83031 1.31719 14.91669 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 2270 13833.56 6.09408 3.51 <.0001 
Year 1 1138.737 1138.737 656.34 <.0001 
Range(Year) 46 165.9975 3.60864 2.08 <.0001 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 2270 13751.12 6.05776 3.49 <.0001 
Year 1 1125.814 1125.814 648.89 <.0001 























H-6 Maize Kernel Starch ANOVA 
Source DF 
Sum of 
Squares Mean Square F Value Pr > F 
Model 2274 80010.67 35.185 3.16 <.0001 
Error 2429 27030.47 11.1282 
  Corrected Total 4703 107041.1 
   
      R-Square Coeff Var Root MSE VTL Mean 
 0.747476 5.613049 3.3359 59.43115 
  
      
Source DF Type I SS Mean Square F Value Pr > F 
GROUPID 2227 57255.53 25.70971 2.31 <.0001 
Year 1 20946.42 20946.42 1882.28 <.0001 
Range(Year) 46 1808.721 39.32002 3.53 <.0001 
      
Source DF Type III SS Mean Square F Value Pr > F 
GROUPID 2227 55556 24.94657 2.24 <.0001 
Year 1 20698.63 20698.63 1860.01 <.0001 
Range(Year) 46 1808.721 39.32002 3.53 <.0001 










Appendix I Maize Kernel Composition Candidate Genes 
I-1 Maize Kernel Density Candidate Genes  












Genes within 10 Kp 
of SNP Annotation 




superfamily protein  
S1_79702201 1 79702201 4.10E-07 0.27 1759 0.25 0.26 0.007 GRMZM2G343688 UBX domain-containing 
protein  
S1_87162133 1 87162133 1.06E-05 0.16 1759 0.25 0.26 0.042 GRMZM2G177391 ATEXPB2,ATHEXP BETA 
1.4,EXPB2): expansin B2  
S1_87162133 1 87162133 1.06E-05 0.16 1759 0.25 0.26 0.042 GRMZM2G177400 LYR family of Fe/S 
cluster biogenesis 
protein  
S1_87301407 1 87301407 6.42E-06 0.31 1759 0.25 0.26 0.037 GRMZM2G046848 U-box domain-
containing protein 
kinase family protein  
S1_87301407 1 87301407 6.42E-06 0.31 1759 0.25 0.26 0.037  U-box domain-
containing protein 
kinase family protein  
S1_89236435 1 89236435 6.91E-07 0.24 1759 0.25 0.26 0.010 GRMZM2G114906  Plant protein of 
unknown function 
(DUF863)  
S1_89236435 1 89236435 6.91E-07 0.24 1759 0.25 0.26 0.010 GRMZM2G114893 zinc finger family 
protein, putative, 
expressed  
           




















Genes within 10 Kp 
of SNP Annotation 
S1_89236468 1 89236468 1.89E-06 0.24 1759 0.25 0.26 0.018 GRMZM2G114893 : zinc finger family 
protein, putative, 
expressed  
S1_89236468 1 89236468 1.89E-06 0.24 1759 0.25 0.26 0.018 GRMZM2G114906  Plant protein of 
unknown function 
(DUF863)  
S1_90222083 1 90222083 1.45E-06 0.36 1759 0.25 0.26 0.015 GRMZM2G154580 CCT motif family 
protein, expressed  
S1_90222083 1 90222083 1.45E-06 0.36 1759 0.25 0.26 0.015 GRMZM2G154487 Ribosomal L18p/L5e 
family protein  
S1_182103887 1 182103887 2.54E-06 0.06 1759 0.25 0.26 0.021 GRMZM2G023847 (UCC1): uclacyanin 1 
S1_182103887 1 182103887 2.54E-06 0.06 1759 0.25 0.26 0.021 GRMZM2G023906 LETM1-like protein  
S1_182103887 1 182103887 2.54E-06 0.06 1759 0.25 0.26 0.021 GRMZM2G023591 RNA-binding 
(RRM/RBD/RNP motifs) 
family protein 
S2_9000281 2 9000281 1.08E-05 0.19 1759 0.25 0.26 0.042 GRMZM2G000047 (ATHAK5,HAK5): high 
affinity K+ transporter 5  
S2_9000281 2 9000281 1.08E-05 0.19 1759 0.25 0.26 0.042 GRMZM2G000052 (ATPAO2,PAO2): 
polyamine oxidase 2  
S2_9000281 2 9000281 1.08E-05 0.19 1759 0.25 0.26 0.042 GRMZM2G300500 (GTE7): global 
transcription factor 
group E7 
S2_9000281 2 9000281 1.08E-05 0.19 1759 0.25 0.26 0.042 GRMZM2G300497  Disease resistance 
protein (TIR-NBS-LRR 
class) family  
S2_10337822 2 10337822 4.29E-06 0.35 1759 0.25 0.26 0.030 GRMZM2G005310 (CMT3): 
chromomethylase 3  
S2_29227142 2 29227142 1.55E-06 0.41 1759 0.25 0.26 0.016 GRMZM2G147241  DUF640 domain 
containing protein, 
putative, expressed  




















Genes within 10 Kp 
of SNP Annotation 
S2_29227143 2 29227143 4.46E-06 0.41 1759 0.25 0.26 0.030 GRMZM2G147241 DUF640 domain 
containing protein, 
putative, expressed  
S2_45989688 2 45989688 2.01E-07 0.06 1759 0.25 0.26 0.005 GRMZM2G028258 (SKOR): STELAR K+ 
outward rectifier  
S2_45989688 2 45989688 2.01E-07 0.06 1759 0.25 0.26 0.005 GRMZM2G028139 Translation initiation 
factor 2, small GTP-
binding protein  
S2_45989726 2 45989726 6.20E-06 0.06 1759 0.25 0.26 0.036 GRMZM2G028258 (SKOR): STELAR K+ 
outward rectifier  
S2_45989726 2 45989726 6.20E-06 0.06 1759 0.25 0.26 0.036 GRMZM2G028139 Translation initiation 
factor 2, small GTP-
binding protein  
S2_45989738 2 45989738 6.20E-06 0.06 1759 0.25 0.26 0.036 GRMZM2G028258 (SKOR): STELAR K+ 
outward rectifier  
S2_45989738 2 45989738 6.20E-06 0.06 1759 0.25 0.26 0.036 GRMZM2G028139 Translation initiation 
factor 2, small GTP-
binding protein  
S2_45989741 2 45989741 6.20E-06 0.06 1759 0.25 0.26 0.036 GRMZM2G028258 (SKOR): STELAR K+ 
outward rectifier  
S2_45989741 2 45989741 6.20E-06 0.06 1759 0.25 0.26 0.036 GRMZM2G028139  Translation initiation 
factor 2, small GTP-
binding protein  
S2_172249005 2 172249005 7.89E-06 0.28 1759 0.25 0.26 0.039 GRMZM2G014106  Enhancer of polycomb-
like transcription factor 
protein  
S2_172249030 2 172249030 7.89E-06 0.28 1759 0.25 0.26 0.039 GRMZM2G014106 Enhancer of polycomb-
like transcription factor 
protein  
S2_172249055 2 172249055 7.89E-06 0.28 1759 0.25 0.26 0.039 GRMZM2G014106 Enhancer of polycomb-





















Genes within 10 Kp 
of SNP Annotation 
S2_172252535 2 172252535 1.10E-06 0.29 1759 0.25 0.26 0.013 GRMZM2G014106 Enhancer of polycomb-
like transcription factor 
protein  
S2_206891194 2 206891194 1.07E-05 0.38 1759 0.25 0.26 0.042 GRMZM2G113396 (CIN4,COP10,EMB144,F
US9): Ubiquitin-
conjugating enzyme 
family protein  
S2_206891194 2 206891194 1.07E-05 0.38 1759 0.25 0.26 0.042 GRMZM2G113420  O-Glycosyl hydrolases 
family 17 protein  
S2_206902729 2 206902729 1.04E-06 0.46 1759 0.25 0.26 0.012 GRMZM2G113396 (CIN4,COP10,EMB144,F
US9): Ubiquitin-
conjugating enzyme 
family protein  
S2_206902729 2 206902729 1.04E-06 0.46 1759 0.25 0.26 0.012 GRMZM2G113420 O-Glycosyl hydrolases 
family 17 protein  
S2_206902863 2 206902863 2.28E-06 0.45 1759 0.25 0.26 0.021 GRMZM2G113396 (CIN4,COP10,EMB144,F
US9): Ubiquitin-
conjugating enzyme 
family protein  
S2_206902863 2 206902863 2.28E-06 0.45 1759 0.25 0.26 0.021 GRMZM2G113420 O-Glycosyl hydrolases 
family 17 protein  
S2_206902934 2 206902934 1.37E-05 0.45 1759 0.25 0.26 0.046 GRMZM2G113396 (CIN4,COP10,EMB144,F
US9): Ubiquitin-
conjugating enzyme 
family protein  
S2_206902934 2 206902934 1.37E-05 0.45 1759 0.25 0.26 0.046 GRMZM2G113420 O-Glycosyl hydrolases 
family 17 protein  
S2_206902935 2 206902935 1.37E-05 0.45 1759 0.25 0.26 0.046 GRMZM2G113396 (CIN4,COP10,EMB144,F
US9): Ubiquitin-
conjugating enzyme 




















Genes within 10 Kp 
of SNP Annotation 
S2_206902935 2 206902935 1.37E-05 0.45 1759 0.25 0.26 0.046 GRMZM2G113420  O-Glycosyl hydrolases 
family 17 protein  
S2_206902936 2 206902936 1.37E-05 0.45 1759 0.25 0.26 0.046 GRMZM2G113396 (CIN4,COP10,EMB144,F
US9): Ubiquitin-
conjugating enzyme 
family protein  
S2_206902936 2 206902936 1.37E-05 0.45 1759 0.25 0.26 0.046 GRMZM2G113420 O-Glycosyl hydrolases 
family 17 protein  
S3_13528961 3 13528961 1.04E-05 0.14 1759 0.25 0.26 0.042 GRMZM5G832229 (PSBX): photosystem II 
subunit X  
S3_13528961 3 13528961 1.04E-05 0.14 1759 0.25 0.26 0.042 GRMZM2G146627 (TIP4;1): tonoplast 
intrinsic protein 4;1  
S3_13528961 3 13528961 1.04E-05 0.14 1759 0.25 0.26 0.042 GRMZM2G447857 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S3_17831379 3 17831379 1.41E-05 0.19 1759 0.25 0.26 0.046 GRMZM2G030784 (ATCTIMC,CYTOTPI,TPI): 
triosephosphate 
isomerase  
S3_20175116 3 20175116 9.03E-07 0.36 1759 0.25 0.26 0.011 GRMZM2G412760 Protein kinase 
superfamily protein  
S3_54117113 3 54117113 8.98E-06 0.50 1759 0.25 0.26 0.040 GRMZM2G103771  (ATOEP16-2,ATOEP16-
S): Mitochondrial 
import inner membrane 
translocase subunit 
Tim17/Tim22/Tim23 
family protein  
S3_54117113 3 54117113 8.98E-06 0.50 1759 0.25 0.26 0.040 GRMZM2G103755 RING/FYVE/PHD zinc 
finger superfamily 
protein  
           




















Genes within 10 Kp 
of SNP Annotation 
S3_54117486 3 54117486 8.55E-06 0.27 1759 0.25 0.26 0.040 GRMZM2G103771 (ATOEP16-2,ATOEP16-
S): Mitochondrial 
import inner membrane 
translocase subunit 
Tim17/Tim22/Tim23 
family protein  
S3_54117486 3 54117486 8.55E-06 0.27 1759 0.25 0.26 0.040 GRMZM2G103755 RING/FYVE/PHD zinc 
finger superfamily 
protein  
S3_99501500 3 99501500 9.32E-06 0.48 1759 0.25 0.26 0.040 GRMZM2G395853 Lojap-related protein  
S3_99531336 3 99531336 7.51E-06 0.30 1759 0.25 0.26 0.039 GRMZM2G395853 Lojap-related protein  
S3_156487519 3 156487519 1.03E-05 0.40 1759 0.25 0.26 0.042 GRMZM2G338259 (ARF1-
BP,ARF2,HSS,ORE14): 
auxin response factor 2  
S3_156487532 3 156487532 1.99E-07 0.16 1759 0.25 0.26 0.005 GRMZM2G338259 (ARF1-
BP,ARF2,HSS,ORE14): 
auxin response factor 2  
S3_156634936 3 156634936 1.28E-05 0.18 1759 0.25 0.26 0.044 GRMZM2G032132 (CRN,SOL2): Protein 
kinase superfamily 
protein  
S3_156635092 3 156635092 5.53E-07 0.14 1759 0.25 0.26 0.008 GRMZM2G032132 (CRN,SOL2): Protein 
kinase superfamily 
protein  
S3_156635147 3 156635147 5.70E-07 0.15 1759 0.25 0.26 0.008 GRMZM2G032132 (CRN,SOL2): Protein 
kinase superfamily 
protein  
S3_156635152 3 156635152 1.24E-06 0.15 1759 0.25 0.26 0.014 GRMZM2G032132 (CRN,SOL2): Protein 
kinase superfamily 
protein  
           




















Genes within 10 Kp 
of SNP Annotation 
S3_156637883 3 156637883 2.32E-06 0.12 1759 0.25 0.26 0.021 GRMZM2G032132 (CRN,SOL2): Protein 
kinase superfamily 
protein  
S3_156637925 3 156637925 2.78E-07 0.14 1759 0.25 0.26 0.005 GRMZM2G032132 (CRN,SOL2): Protein 
kinase superfamily 
protein  
S3_156638093 3 156638093 2.77E-06 0.14 1759 0.25 0.26 0.022 GRMZM2G032132 (CRN,SOL2): Protein 
kinase superfamily 
protein  
S3_156795071 3 156795071 5.01E-08 0.13 1759 0.25 0.26 0.002 GRMZM2G336909 (KYP,SDG33,SUVH4): 
SU(VAR)3-9 homolog 4  
S3_156795071 3 156795071 5.01E-08 0.13 1759 0.25 0.26 0.002 GRMZM2G031584 DNAJ heat shock N-
terminal domain-
containing protein  
S3_156795071 3 156795071 5.01E-08 0.13 1759 0.25 0.26 0.002 GRMZM2G031528 Heavy metal 
transport/detoxification 
superfamily protein  
S3_156795071 3 156795071 5.01E-08 0.13 1759 0.25 0.26 0.002 GRMZM2G031493 Homeodomain-like 
superfamily protein  
S3_156795077 3 156795077 6.08E-08 0.13 1759 0.25 0.26 0.002 GRMZM2G336909 (KYP,SDG33,SUVH4): 
SU(VAR)3-9 homolog 4  
S3_156795077 3 156795077 6.08E-08 0.13 1759 0.25 0.26 0.002 GRMZM2G031584  DNAJ heat shock N-
terminal domain-
containing protein  
S3_156795077 3 156795077 6.08E-08 0.13 1759 0.25 0.26 0.002 GRMZM2G031528 Heavy metal 
transport/detoxification 
superfamily protein  
S3_156795077 3 156795077 6.08E-08 0.13 1759 0.25 0.26 0.002 GRMZM2G031493 Homeodomain-like 
superfamily protein  
S3_156795092 3 156795092 7.28E-07 0.11 1759 0.25 0.26 0.010 GRMZM2G336909 (KYP,SDG33,SUVH4): 




















Genes within 10 Kp 
of SNP Annotation 
S3_156795092 3 156795092 7.28E-07 0.11 1759 0.25 0.26 0.010 GRMZM2G031584 DNAJ heat shock N-
terminal domain-
containing protein  
S3_156795092 3 156795092 7.28E-07 0.11 1759 0.25 0.26 0.010 GRMZM2G031528 Heavy metal 
transport/detoxification 
superfamily protein  
S3_156795092 3 156795092 7.28E-07 0.11 1759 0.25 0.26 0.010 GRMZM2G031493 Homeodomain-like 
superfamily protein  
S3_156797381 3 156797381 5.49E-07 0.11 1759 0.25 0.26 0.008 GRMZM2G336909 (KYP,SDG33,SUVH4): 
SU(VAR)3-9 homolog 4  
S3_156797381 3 156797381 5.49E-07 0.11 1759 0.25 0.26 0.008 GRMZM2G031584 DNAJ heat shock N-
terminal domain-
containing protein  
S3_156797381 3 156797381 5.49E-07 0.11 1759 0.25 0.26 0.008 GRMZM2G031528 Heavy metal 
transport/detoxification 
superfamily protein  
S3_156797381 3 156797381 5.49E-07 0.11 1759 0.25 0.26 0.008 GRMZM2G031493  Homeodomain-like 
superfamily protein  
S3_156797382 3 156797382 5.49E-07 0.11 1759 0.25 0.26 0.008 GRMZM2G336909 (KYP,SDG33,SUVH4): 
SU(VAR)3-9 homolog 4  
S3_156797382 3 156797382 5.49E-07 0.11 1759 0.25 0.26 0.008 GRMZM2G031584 DNAJ heat shock N-
terminal domain-
containing protein  
S3_156797382 3 156797382 5.49E-07 0.11 1759 0.25 0.26 0.008 GRMZM2G031528 Heavy metal 
transport/detoxification 
superfamily protein  
S3_156797382 3 156797382 5.49E-07 0.11 1759 0.25 0.26 0.008 GRMZM2G031493 Homeodomain-like 
superfamily protein  
S3_156797642 3 156797642 1.11E-05 0.22 1759 0.25 0.26 0.042 GRMZM2G336909 (KYP,SDG33,SUVH4): 
SU(VAR)3-9 homolog 4  




















Genes within 10 Kp 
of SNP Annotation 
S3_156797642 3 156797642 1.11E-05 0.22 1759 0.25 0.26 0.042 GRMZM2G031584 DNAJ heat shock N-
terminal domain-
containing protein  
S3_156797642 3 156797642 1.11E-05 0.22 1759 0.25 0.26 0.042 GRMZM2G031528 Heavy metal 
transport/detoxification 
superfamily protein  
S3_156797642 3 156797642 1.11E-05 0.22 1759 0.25 0.26 0.042 GRMZM2G031493 Homeodomain-like 
superfamily protein  
S3_156798875 3 156798875 2.00E-08 0.13 1759 0.25 0.26 0.001 GRMZM2G336909 (KYP,SDG33,SUVH4): 
SU(VAR)3-9 homolog 4  
S3_156798875 3 156798875 2.00E-08 0.13 1759 0.25 0.26 0.001 GRMZM2G031584 DNAJ heat shock N-
terminal domain-
containing protein  
S3_156798875 3 156798875 2.00E-08 0.13 1759 0.25 0.26 0.001 GRMZM2G031528 Heavy metal 
transport/detoxification 
superfamily protein  
S3_156798875 3 156798875 2.00E-08 0.13 1759 0.25 0.26 0.001 GRMZM2G031493 Homeodomain-like 
superfamily protein  
S3_156814328 3 156814328 7.19E-06 0.37 1759 0.25 0.26 0.039 GRMZM2G336909 (KYP,SDG33,SUVH4): 
SU(VAR)3-9 homolog 4  
S3_156814632 3 156814632 2.50E-06 0.36 1759 0.25 0.26 0.021 GRMZM2G336909 (KYP,SDG33,SUVH4): 
SU(VAR)3-9 homolog 4  
S3_156963615 3 156963615 9.73E-06 0.46 1759 0.25 0.26 0.041 GRMZM2G142315 Sec14p-like 
phosphatidylinositol 
transfer family protein  
S3_157019682 3 157019682 5.14E-06 0.06 1759 0.25 0.26 0.034 GRMZM5G898668 (ATGUT1,GUT2,IRX10): 
Exostosin family protein  
S3_157019682 3 157019682 5.14E-06 0.06 1759 0.25 0.26 0.034 GRMZM5G863364 (ATIPK2A,IPK2a): 
inositol polyphosphate 
kinase 2 alpha  




















Genes within 10 Kp 
of SNP Annotation 
S3_157019691 3 157019691 1.13E-05 0.07 1759 0.25 0.26 0.042 GRMZM5G898668 (ATGUT1,GUT2,IRX10): 
Exostosin family protein  
S3_157019691 3 157019691 1.13E-05 0.07 1759 0.25 0.26 0.042 GRMZM5G863364 (ATIPK2A,IPK2a): 
inositol polyphosphate 
kinase 2 alpha  
S3_158348749 3 158348749 1.11E-05 0.43 1759 0.25 0.26 0.042 GRMZM2G139617 DEK domain-containing 
chromatin associated 
protein  
S3_158978714 3 158978714 1.01E-05 0.21 1759 0.25 0.26 0.042 GRMZM2G171650 (AGL3,SEP4): K-box 
region and MADS-box 
transcription factor 
family protein  
S3_158978714 3 158978714 1.01E-05 0.21 1759 0.25 0.26 0.042 GRMZM2G171622 CBS / 
octicosapeptide/Phox/B
emp1 (PB1) domains-
containing protein  
S3_178847449 3 178847449 8.67E-06 0.30 1759 0.25 0.26 0.040 AC147602.5_FG004 (SBPASE): 
sedoheptulose-
bisphosphatase  
S3_179634298 3 179634298 6.17E-06 0.37 1759 0.25 0.26 0.036 GRMZM2G007928 BBTI13 - Bowman-Birk 
type bran trypsin 
inhibitor precursor, 
expressed  
S3_179634298 3 179634298 6.17E-06 0.37 1759 0.25 0.26 0.036 GRMZM2G178533 NAD(P)-linked 
oxidoreductase 
superfamily protein  
S3_179634298 3 179634298 6.17E-06 0.37 1759 0.25 0.26 0.036 GRMZM2G479423 NAD(P)-linked 
oxidoreductase 
superfamily protein  
           




















Genes within 10 Kp 
of SNP Annotation 
S3_179634300 3 179634300 6.17E-06 0.37 1759 0.25 0.26 0.036 GRMZM2G007928 BBTI13 - Bowman-Birk 
type bran trypsin 
inhibitor precursor, 
expressed  
S3_179634300 3 179634300 6.17E-06 0.37 1759 0.25 0.26 0.036 GRMZM2G178533 NAD(P)-linked 
oxidoreductase 
superfamily protein  
S3_179634300 3 179634300 6.17E-06 0.37 1759 0.25 0.26 0.036 GRMZM2G479423 NAD(P)-linked 
oxidoreductase 
superfamily protein  
S4_67740840 4 67740840 6.60E-06 0.16 1759 0.25 0.26 0.037 GRMZM2G400129 (CYP96A1): cytochrome 
P450, family 96, 
subfamily A, 
polypeptide 1  
S4_218286494 4 218286494 4.38E-06 0.12 1759 0.25 0.26 0.030 GRMZM2G376265 GDSL-like 
Lipase/Acylhydrolase 
superfamily protein  
S4_218286495 4 218286495 4.38E-06 0.12 1759 0.25 0.26 0.030 GRMZM2G376265 GDSL-like 
Lipase/Acylhydrolase 
superfamily protein  
S4_218286496 4 218286496 4.38E-06 0.12 1759 0.25 0.26 0.030 GRMZM2G376265 GDSL-like 
Lipase/Acylhydrolase 
superfamily protein  
S5_172808199 5 172808199 7.99E-06 0.29 1759 0.25 0.26 0.039 GRMZM2G119517 (ACR3): ACT domain 
repeat 3  
S5_172808199 5 172808199 7.99E-06 0.29 1759 0.25 0.26 0.039 GRMZM2G119566 DNAJ heat shock N-
terminal domain-
containing protein  
S6_2058651 6 2058651 1.40E-05 0.13 1759 0.25 0.26 0.046 GRMZM2G313321 AT5G36210.1: 
alpha/beta-Hydrolases 




















Genes within 10 Kp 
of SNP Annotation 
S6_4799970 6 4799970 1.26E-05 0.37 1759 0.25 0.26 0.044 GRMZM2G144873 Galactosyltransferase 
family protein  
S6_4799976 6 4799976 1.15E-05 0.37 1759 0.25 0.26 0.042 GRMZM2G144873 Galactosyltransferase 
family protein  
S6_4804248 6 4804248 1.97E-06 0.33 1759 0.25 0.26 0.018 GRMZM2G144873 Galactosyltransferase 
family protein  




S6_31419311 6 31419311 3.94E-06 0.47 1759 0.25 0.26 0.029 GRMZM2G099186 (RSZ32): RNA-binding 
(RRM/RBD/RNP motifs) 
family protein with 
retrovirus zinc finger-
like domain  
S6_31419311 6 31419311 3.94E-06 0.47 1759 0.25 0.26 0.029 GRMZM2G099619 ABC-2 type transporter 
family protein  
S6_93784130 6 93784130 1.12E-05 0.32 1759 0.25 0.26 0.042 GRMZM2G360081 (UFO): F-box family 
protein  
S7_2663867 7 2663867 9.27E-06 0.29 1759 0.25 0.26 0.040 GRMZM2G040170 transcription elongation 
factor 1, putative, 
expressed  
S7_118909908 7 118909908 9.03E-07 0.07 1759 0.25 0.26 0.011 GRMZM2G117244 (ATMYB68,MYB68): 
myb domain protein 68  
S7_118909928 7 118909928 9.25E-07 0.07 1759 0.25 0.26 0.011 GRMZM2G117244 (ATMYB68,MYB68): 
myb domain protein 68  
S7_118909940 7 118909940 6.68E-06 0.07 1759 0.25 0.26 0.037 GRMZM2G117244 AT5G65790.1(ATMYB68
,MYB68): myb domain 
protein 68 
S7_122076227 7 122076227 1.15E-05 0.32 1759 0.25 0.26 0.042 GRMZM2G388045 (ATGEX1,GEX1): gamete 




















Genes within 10 Kp 
of SNP Annotation 
S7_122076227 7 122076227 1.15E-05 0.32 1759 0.25 0.26 0.042 GRMZM2G086714 (AT-
RSH3,ATRSH3,RSH3): 
RELA/SPOT homolog 3  
S7_122076227 7 122076227 1.15E-05 0.32 1759 0.25 0.26 0.042 GRMZM2G050172 (AT-
RSH3,ATRSH3,RSH3): 
RELA/SPOT homolog 3  
S7_122130368 7 122130368 2.08E-07 0.36 1759 0.25 0.26 0.005 GRMZM2G075348 E2F-related protein, 
putative, expressed  
S7_128647678 7 128647678 7.60E-06 0.15 1759 0.25 0.26 0.039 GRMZM2G082653 (ATL6): RING/U-box 
superfamily protein  
S7_128647678 7 128647678 7.60E-06 0.15 1759 0.25 0.26 0.039 GRMZM2G382038 (UXS6): UDP-XYL 
synthase 6  
S7_160440470 7 160440470 3.42E-06 0.29 1759 0.25 0.26 0.026 GRMZM2G054658 DEFL49 - Defensin and 
Defensin-like DEFL 
family, expressed  
S8_135958143 8 135958143 1.48E-05 0.06 1759 0.25 0.26 0.048 GRMZM2G176707 (NAP1;2,NFA02,NFA2): 
nucleosome assembly 
protein 1;2  
S8_162756261 8 162756261 3.19E-06 0.06 1759 0.25 0.26 0.025 GRMZM2G170975 (EPFL9,STOMAGEN): 
stomagen  
S8_162756261 8 162756261 3.19E-06 0.06 1759 0.25 0.26 0.025 GRMZM2G471051 Bifunctional 
inhibitor/lipid-transfer 
protein/seed storage 2S 
albumin superfamily 
protein  

























Genes within 10 Kp 
of SNP Annotation 
S9_22424947 9 22424947 1.33E-07 0.14 1759 0.25 0.26 0.004 GRMZM2G398341 (PI-
4KBETA1,PI4KBETA1): 
phosphatidylinositol 4-
OH kinase beta1  
S9_22685747 9 22685747 9.60E-15 0.05 1759 0.25 0.28 0.000 GRMZM5G847362 F-box family protein  
S9_22685747 9 22685747 9.60E-15 0.05 1759 0.25 0.28 0.000 GRMZM5G877500 RNA 3\'-terminal 
phosphate 
cyclase/enolpyruvate 
transferase, alpha/beta  
S9_22781026 9 22781026 1.80E-06 0.09 1759 0.25 0.26 0.018 GRMZM2G033208 Transketolase  
S9_23280484 9 23280484 1.28E-07 0.10 1759 0.25 0.26 0.004 GRMZM2G171395 (ANAC043,EMB2301,NS





S9_23280484 9 23280484 1.28E-07 0.10 1759 0.25 0.26 0.004 GRMZM2G171376 (EDA38,SBP2): 
selenium-binding 
protein 2 
S9_23334850 9 23334850 2.48E-09 0.07 1759 0.25 0.27 0.000 GRMZM2G110158 Lung seven 
transmembrane 
receptor family protein  
S9_23458161 9 23458161 7.00E-11 0.06 1759 0.25 0.27 0.000 GRMZM2G121333 alpha/beta-Hydrolases 
superfamily protein  
S9_105518929 9 105518929 2.43E-06 0.05 1759 0.25 0.26 0.021 GRMZM2G085218 (BBX32): B-box 32  
S9_105518929 9 105518929 2.43E-06 0.05 1759 0.25 0.26 0.021 GRMZM2G085246 (SRF1): STRUBBELIG-
receptor family 1  
S9_105518929 9 105518929 2.43E-06 0.05 1759 0.25 0.26 0.021 GRMZM2G384661 NC domain-containing 
protein-related 
           




















Genes within 10 Kp 
of SNP Annotation 
S10_134601466 10 134601466 1.29E-06 0.44 1759 0.25 0.26 0.014 GRMZM2G018485 (NGA1): AP2/B3-like 
transcriptional factor 
family protein  
S10_134601466 10 134601466 1.29E-06 0.44 1759 0.25 0.26 0.014 GRMZM2G018464 G10 family protein  
S10_135609893 10 135609893 7.51E-06 0.13 1759 0.25 0.26 0.039 GRMZM2G086541 (GIK): Predicted AT-
hook DNA-binding 
family protein  









I-2 Maize Kernel Oil Candidate Genes 












Genes within 10 Kp 
of SNP Annotation 
S1_286182550 1 286182550 3.35E-09 0.10 1747 0.30 0.32 0.001 GRMZM2G174136 DUF593 domain 
containing protein, 
expressed  
S1_286182550 1 286182550 3.35E-09 0.10 1747 0.30 0.32 0.001 GRMZM2G174210 VQ motif-containing 
protein  
S2_236293157 2 236293157 3.39E-06 0.32 1747 0.30 0.31 0.047 GRMZM2G104032 (FUT8): 
fucosyltransferase 8  
S2_236293157 2 236293157 3.39E-06 0.32 1747 0.30 0.31 0.047 GRMZM2G083572 H-BTB5 - Bric-a-Brac, 
Tramtrack, Broad 
Complex BTB domain 
with H family conserved 
sequence,  
S2_236293157 2 236293157 3.39E-06 0.32 1747 0.30 0.31 0.047 GRMZM2G103955 Tetratricopeptide repeat 
(TPR)-like superfamily 
protein  
S3_212029092 3 212029092 7.13E-07 0.24 1747 0.30 0.31 0.015 GRMZM2G382632 (HS,HWS): Galactose 
oxidase/kelch repeat 
superfamily protein  
S3_212029092 3 212029092 7.13E-07 0.24 1747 0.30 0.31 0.015 GRMZM2G033576 Calcium-dependent lipid-
binding (CaLB domain) 
family protein  
S3_212029094 3 212029094 1.84E-06 0.24 1747 0.30 0.31 0.033 GRMZM2G382632 (HS,HWS): Galactose 
oxidase/kelch repeat 
superfamily protein  
S3_212029094 3 212029094 1.84E-06 0.24 1747 0.30 0.31 0.033 GRMZM2G033576 Calcium-dependent lipid-
binding (CaLB domain) 
family protein  
           




















Genes within 10 Kp 
of SNP Annotation 




S6_104674381 6 104674381 1.22E-08 0.17 1747 0.30 0.31 0.001 GRMZM2G151015 (GAUT11): 
galacturonosyltransferas
e 11  
S6_104674381 6 104674381 1.22E-08 0.17 1747 0.30 0.31 0.001 GRMZM2G449817 Protein kinase family 
protein with leucine-rich 
repeat domain  
S6_104713425 6 104713425 2.02E-07 0.19 1747 0.30 0.31 0.006 GRMZM2G151015 (GAUT11): 
galacturonosyltransferas
e 11  
S6_104713425 6 104713425 2.02E-07 0.19 1747 0.30 0.31 0.006 GRMZM2G109009 (nPAP,PAP(IV)): nuclear 
poly(a) polymerase  
S6_104713426 6 104713426 2.02E-07 0.19 1747 0.30 0.31 0.006 GRMZM2G151015 (GAUT11): 
galacturonosyltransferas
e 11  
S6_104713426 6 104713426 2.02E-07 0.19 1747 0.30 0.31 0.006 GRMZM2G109009 (nPAP,PAP(IV)): nuclear 
poly(a) polymerase  
S6_104713427 6 104713427 2.02E-07 0.19 1747 0.30 0.31 0.006 GRMZM2G151015 (GAUT11): 
galacturonosyltransferas
e 11  
S6_104713427 6 104713427 2.02E-07 0.19 1747 0.30 0.31 0.006 GRMZM2G109009 (nPAP,PAP(IV)): nuclear 
poly(a) polymerase  
S6_104713428 6 104713428 2.02E-07 0.19 1747 0.30 0.31 0.006 GRMZM2G151015 (GAUT11): 
galacturonosyltransferas
e 11  
S6_104713428 6 104713428 2.02E-07 0.19 1747 0.30 0.31 0.006 GRMZM2G109009 (nPAP,PAP(IV)): nuclear 
poly(a) polymerase  




















Genes within 10 Kp 
of SNP Annotation 
S6_104713429 6 104713429 2.04E-07 0.19 1747 0.30 0.31 0.006 GRMZM2G151015 (GAUT11): 
galacturonosyltransferas
e 11  
S6_104713429 6 104713429 2.04E-07 0.19 1747 0.30 0.31 0.006 GRMZM2G109009 (nPAP,PAP(IV)): nuclear 
poly(a) polymerase  
S6_104713431 6 104713431 1.48E-07 0.20 1747 0.30 0.31 0.006 GRMZM2G151015 (GAUT11): 
galacturonosyltransferas
e 11  
S6_104713431 6 104713431 1.48E-07 0.20 1747 0.30 0.31 0.006 GRMZM2G109009 (nPAP,PAP(IV)): nuclear 
poly(a) polymerase  
S6_104756131 6 104756131 5.93E-07 0.26 1747 0.30 0.31 0.014 GRMZM2G103526 HAD superfamily, 
subfamily IIIB acid 
phosphatase  
S6_104759005 6 104759005 6.32E-08 0.23 1747 0.30 0.31 0.003 GRMZM2G103526 HAD superfamily, 
subfamily IIIB acid 
phosphatase  
S6_104759143 6 104759143 2.42E-07 0.24 1747 0.30 0.31 0.006 GRMZM2G103526 HAD superfamily, 
subfamily IIIB acid 
phosphatase  
S6_104858735 6 104858735 5.51E-09 0.15 1747 0.30 0.31 0.001 GRMZM2G169089 (ABX45,AS11,ATDGAT,D
GAT1,RDS1,TAG1): 
membrane bound O-acyl 
transferase (MBOAT) 
family protein  
S6_104858735 6 104858735 5.51E-09 0.15 1747 0.30 0.31 0.001 GRMZM2G169114 (ATKEA4,KEA4): K+ efflux 
antiporter 4  
S6_104865217 6 104865217 1.10E-08 0.23 1747 0.30 0.31 0.001 GRMZM2G169089 (ABX45,AS11,ATDGAT,D
GAT1,RDS1,TAG1): 
membrane bound O-acyl 
transferase (MBOAT) 




















Genes within 10 Kp 
of SNP Annotation 
S6_104865217 6 104865217 1.10E-08 0.23 1747 0.30 0.31 0.001 GRMZM2G169114 (ATKEA4,KEA4): K+ efflux 
antiporter 4  
S6_104865219 6 104865219 2.10E-06 0.23 1747 0.30 0.31 0.035 GRMZM2G169089 (ABX45,AS11,ATDGAT,D
GAT1,RDS1,TAG1): 
membrane bound O-acyl 
transferase (MBOAT) 
family protein  
S6_104865219 6 104865219 2.10E-06 0.23 1747 0.30 0.31 0.035 GRMZM2G169114 (ATKEA4,KEA4): K+ efflux 
antiporter 4  
S6_104865232 6 104865232 2.18E-06 0.23 1747 0.30 0.31 0.035 GRMZM2G169089 (ABX45,AS11,ATDGAT,D
GAT1,RDS1,TAG1): 
membrane bound O-acyl 
transferase (MBOAT) 
family protein  
S6_104865232 6 104865232 2.18E-06 0.23 1747 0.30 0.31 0.035 GRMZM2G169114 (ATKEA4,KEA4): K+ efflux 
antiporter 4  
S8_5919129 8 5919129 2.76E-06 0.37 1747 0.30 0.31 0.041 GRMZM2G024151 (ATSK13,SK13): shaggy-
like kinase 13  
S8_5919129 8 5919129 2.76E-06 0.37 1747 0.30 0.31 0.041 GRMZM2G024655 C2H2 and C2HC zinc 
fingers superfamily 
protein  
S8_7617214 8 7617214 4.70E-08 0.49 1747 0.30 0.31 0.003 GRMZM2G078941 (ATRER1A): Rer1 family 
protein  
S8_161916833 8 161916833 2.78E-06 0.39 1747 0.30 0.31 0.041 GRMZM2G013060 (atnudt16,NUDT16): 
nudix hydrolase homolog 
16 
S8_161916833 8 161916833 2.78E-06 0.39 1747 0.30 0.31 0.041 GRMZM5G875238 (ATSPS3F,SPS3F): sucrose 
phosphate synthase 3F  
S9_57188643 9 57188643 3.10E-06 0.19 1747 0.30 0.31 0.044 GRMZM2G076272 (ATH1): homeobox gene 
1 




















Genes within 10 Kp 
of SNP Annotation 
S9_125564283 9 125564283 1.75E-06 0.40 1747 0.30 0.31 0.032 GRMZM2G142999 (NGA2): AP2/B3-like 
transcriptional factor 
family protein  











I-3 Maize Kernel Protein Candidate Genes 










Genes within 10 Kp 
of SNP Annotation 
S1_2466879 1 2466879 5.59E-05 0.05 1760 0.35 0.36 0.039 GRMZM2G028870 RING/U-box 
superfamily protein  
S1_3734582 1 3734582 4.92E-05 0.27 1760 0.35 0.36 0.037 GRMZM2G030567 : expressed protein  
S1_3734582 1 3734582 4.92E-05 0.27 1760 0.35 0.36 0.037 GRMZM2G320111 ligA, putative, 
expressed  
S1_3734582 1 3734582 4.92E-05 0.27 1760 0.35 0.36 0.037 GRMZM2G030299 Protein kinase 
superfamily protein  
S1_3734754 1 3734754 9.23E-05 0.23 1760 0.35 0.36 0.047 GRMZM2G030567  : expressed protein  
S1_3734754 1 3734754 9.23E-05 0.23 1760 0.35 0.36 0.047 GRMZM2G320111 ligA, putative, 
expressed  
S1_3734754 1 3734754 9.23E-05 0.23 1760 0.35 0.36 0.047 GRMZM2G030299 Protein kinase 
superfamily protein  
S1_17492505 1 17492505 4.06E-05 0.11 1760 0.35 0.36 0.034 GRMZM2G018984 (HRE1): Integrase-
type DNA-binding 
superfamily protein  
S1_17492539 1 17492539 4.06E-05 0.11 1760 0.35 0.36 0.034 GRMZM2G018984 (HRE1): Integrase-
type DNA-binding 
superfamily protein  
S1_19978920 1 19978920 5.07E-05 0.14 1760 0.35 0.36 0.037 AC166636.1_FG009 (APUM7,PUM7): 
pumilio 7  





S1_19978930 1 19978930 9.18E-05 0.18 1760 0.35 0.36 0.047 AC166636.1_FG009 (APUM7,PUM7): 
pumilio 7  


















Genes within 10 Kp 
of SNP Annotation 





S1_19979829 1 19979829 8.87E-05 0.25 1760 0.35 0.36 0.047 AC166636.1_FG009 (APUM7,PUM7): 
pumilio 7  





S1_19979854 1 19979854 8.87E-05 0.25 1760 0.35 0.36 0.047 AC166636.1_FG009 (APUM7,PUM7): 
pumilio 7  
S1_19979854 1 19979854 8.87E-05 0.25 1760 0.35 0.36 0.047 AC166636.1_FG009   (APUM7,PUM7): 
pumilio 7  










S1_24941000 1 24941000 1.05E-04 0.07 1760 0.35 0.36 0.049 GRMZM2G032423 (FRL2): FRIGIDA like 
2 
S1_28964818 1 28964818 9.54E-05 0.48 1760 0.35 0.36 0.048 GRMZM2G153611 (ARI2,ATARI2): 
RING/U-box 


















Genes within 10 Kp 
of SNP Annotation 
S1_28964818 1 28964818 9.54E-05 0.48 1760 0.35 0.36 0.048 GRMZM2G469304 Protein of unknown 
function, DUF547  
S1_32088456 1 32088456 2.23E-05 0.49 1760 0.35 0.36 0.027 GRMZM2G152549 hydroxyproline-rich 
glycoprotein family 
protein  
S1_32088456 1 32088456 2.23E-05 0.49 1760 0.35 0.36 0.027 GRMZM2G152663 Protein of unknown 
function (DUF1423)  
S1_33883039 1 33883039 1.20E-06 0.25 1760 0.35 0.36 0.011 GRMZM2G035552 (ACR8): ACT domain 
repeat 8  
S1_33883039 1 33883039 1.20E-06 0.25 1760 0.35 0.36 0.011 GRMZM2G035461 AT2G31260.1(APG9,
ATAPG9): autophagy 
9 (APG9)  
S1_33956321 1 33956321 1.42E-05 0.33 1760 0.35 0.36 0.024 GRMZM2G321033 AT2G45560.1(CYP76
C1): cytochrome 
P450, family 76, 
subfamily C, 
polypeptide 1  
S1_33956480 1 33956480 1.41E-05 0.27 1760 0.35 0.36 0.024 GRMZM2G321033 AT2G45560.1(CYP76
C1): cytochrome 
P450, family 76, 
subfamily C, 
polypeptide 1  
S1_33956502 1 33956502 1.41E-05 0.27 1760 0.35 0.36 0.024 GRMZM2G321033 AT2G45560.1(CYP76
C1): cytochrome 
P450, family 76, 
subfamily C, 
polypeptide 1  
S1_39856880 1 39856880 2.07E-05 0.28 1760 0.35 0.36 0.027 GRMZM2G321033 AT2G45560.1(CYP76
C1): cytochrome 
P450, family 76, 
subfamily C, 


















Genes within 10 Kp 
of SNP Annotation 
S1_43110857 1 43110857 3.90E-06 0.24 1760 0.35 0.36 0.015 GRMZM2G338131 (GSTL2): glutathione 
transferase lambda 
2 
S1_43110857 1 43110857 3.90E-06 0.24 1760 0.35 0.36 0.015 GRMZM2G043291 (GSTL2): glutathione 
transferase lambda 
2 
S1_43110857 1 43110857 3.90E-06 0.24 1760 0.35 0.36 0.015 GRMZM2G042639 (GSTL2): glutathione 
transferase lambda 
2 




superfamily protein  
S1_46848758 1 46848758 6.90E-05 0.16 1760 0.35 0.36 0.042 GRMZM2G313934  : expressed protein  
S1_46848758 1 46848758 6.90E-05 0.16 1760 0.35 0.36 0.042 GRMZM2G010545 PLAC8 family 
protein  
S1_46924149 1 46924149 9.64E-06 0.07 1760 0.35 0.36 0.023 GRMZM2G113364 zinc finger (MYND 
type) family protein 
/ programmed cell 
death 2 C-terminal 
domain-containing 
protein  
S1_46924228 1 46924228 6.15E-05 0.05 1760 0.35 0.36 0.040 GRMZM2G113364 zinc finger (MYND 
type) family protein 
/ programmed cell 
death 2 C-terminal 
domain-containing 
protein  
           


















Genes within 10 Kp 
of SNP Annotation 
S1_49656821 1 49656821 1.97E-05 0.17 1760 0.35 0.36 0.027 GRMZM2G011483 Uncharacterized 
protein  
S1_50864330 1 50864330 4.05E-05 0.12 1760 0.35 0.36 0.034 GRMZM5G851485 sequence-specific 
DNA binding 
transcription factors  
S1_54125348 1 54125348 3.99E-05 0.34 1760 0.35 0.36 0.034 GRMZM2G003424 Zinc finger (CCCH-
type) family protein 
/ RNA recognition 
motif (RRM)-
containing protein  
S1_80767432 1 80767432 2.56E-05 0.14 1760 0.35 0.36 0.029 GRMZM2G049852 MATE efflux family 
protein  
S1_88969303 1 88969303 5.15E-05 0.36 1760 0.35 0.36 0.037 GRMZM2G089291 (ATRBOH 
F,ATRBOHF,RBOH 
F,RBOHAP108,RBOH
F): respiratory burst 
oxidase protein F  
S1_88969306 1 88969306 5.15E-05 0.36 1760 0.35 0.36 0.037 GRMZM2G089291 (ATRBOH 
F,ATRBOHF,RBOH 
F,RBOHAP108,RBOH
F): respiratory burst 
oxidase protein F  
S1_90222083 1 90222083 4.60E-05 0.36 1760 0.35 0.36 0.036 GRMZM2G154580  CCT motif family 
protein, expressed  
S1_90222083 1 90222083 4.60E-05 0.36 1760 0.35 0.36 0.036 GRMZM2G154565 Plant protein of 
unknown function 






















Genes within 10 Kp 
of SNP Annotation 
S1_90222083 1 90222083 4.60E-05 0.36 1760 0.35 0.36 0.036 GRMZM2G154487 Ribosomal L18p/L5e 
family protein  
S1_90229651 1 90229651 8.40E-06 0.29 1760 0.35 0.36 0.021 GRMZM2G154565 Plant protein of 
unknown function 




S1_90229651 1 90229651 8.40E-06 0.29 1760 0.35 0.36 0.021 GRMZM2G154487  Ribosomal 
L18p/L5e family 
protein  
S1_90229671 1 90229671 8.40E-06 0.29 1760 0.35 0.36 0.021 GRMZM2G154565 Plant protein of 
unknown function 




S1_90229671 1 90229671 8.40E-06 0.29 1760 0.35 0.36 0.021 GRMZM2G154487 Ribosomal L18p/L5e 
family protein  
S1_92243089 1 92243089 1.06E-04 0.42 1760 0.35 0.36 0.049 GRMZM2G114772 Nucleotide-
diphospho-sugar 
transferases 
superfamily protein  
S1_92243089 1 92243089 1.06E-04 0.42 1760 0.35 0.36 0.049 GRMZM2G114707 Polynucleotidyl 
transferase, 
ribonuclease H-like 
superfamily protein  
S1_92243089 1 92243089 1.06E-04 0.42 1760 0.35 0.36 0.049 GRMZM2G114667 ZOS10-02 - C2H2 
zinc finger protein, 
expressed  


















Genes within 10 Kp 
of SNP Annotation 
S1_172880584 1 172880584 6.30E-05 0.23 1760 0.35 0.36 0.041 GRMZM5G865967 (PIF4,SRL2): 
phytochrome 
interacting factor 4  
S1_172880584 1 172880584 6.30E-05 0.23 1760 0.35 0.36 0.041 GRMZM2G087608 OsFBX436 - F-box 
domain containing 
protein, expressed  
S1_176097717 1 176097717 3.75E-05 0.18 1760 0.35 0.36 0.033 GRMZM2G042313 (CAT2): cationic 
amino acid 
transporter 2  
S1_183998437 1 183998437 3.88E-05 0.25 1760 0.35 0.36 0.033 GRMZM2G080775 (ATPEX5,PEX5): 
peroxin 5  
S1_183998437 1 183998437 3.88E-05 0.25 1760 0.35 0.36 0.033 GRMZM2G080746 (EMB2777): 
Sas10/U3 
ribonucleoprotein 
(Utp) family protein  
S1_231278895 1 231278895 3.29E-05 0.26 1760 0.35 0.36 0.031 GRMZM2G147346 (ATMYB15,ATY19,M
YB15): myb domain 
protein 15 
S1_231481655 1 231481655 3.07E-05 0.25 1760 0.35 0.36 0.030 GRMZM2G010362 ARM repeat 
superfamily protein  
S1_231511049 1 231511049 6.43E-05 0.32 1760 0.35 0.36 0.041 GRMZM2G010362 ARM repeat 
superfamily protein  
S1_232529212 1 232529212 9.39E-05 0.40 1760 0.35 0.36 0.047 GRMZM2G150179 NB-ARC domain-
containing disease 
resistance protein  
S1_236916133 1 236916133 5.26E-05 0.10 1760 0.35 0.36 0.037 GRMZM2G430675 (ATNAP12,NAP12): 
non-intrinsic ABC 
protein 12 





















Genes within 10 Kp 
of SNP Annotation 
S1_236916154 1 236916154 5.26E-05 0.10 1760 0.35 0.36 0.037 GRMZM2G430675 (ATNAP12,NAP12): 
non-intrinsic ABC 
protein 12 




S1_241481541 1 241481541 8.03E-05 0.48 1760 0.35 0.36 0.045 GRMZM2G064605 Pathogenesis-
related thaumatin 
superfamily protein  
S1_244825916 1 244825916 1.87E-05 0.22 1760 0.35 0.36 0.026 GRMZM2G145412 (JAZ11,TIFY3A): 
jasmonate-zim-
domain protein 11  
S1_244825916 1 244825916 1.87E-05 0.22 1760 0.35 0.36 0.026 GRMZM2G145458 (JAZ11,TIFY3A): 
jasmonate-zim-
domain protein 11  
S1_244834295 1 244834295 4.61E-07 0.29 1760 0.35 0.36 0.008 GRMZM2G145412 (JAZ11,TIFY3A): 
jasmonate-zim-
domain protein 11  
S1_244834295 1 244834295 4.61E-07 0.29 1760 0.35 0.36 0.008 GRMZM2G145458 (JAZ11,TIFY3A): 
jasmonate-zim-
domain protein 11  
S1_244978469 1 244978469 2.05E-05 0.19 1760 0.35 0.36 0.027 GRMZM2G083182 (ATGCN3,GCN3): 
general control non-
repressible 3  
S1_244978469 1 244978469 2.05E-05 0.19 1760 0.35 0.36 0.027 GRMZM2G083156 (MOT1): molybdate 
transporter 1  
S1_244978469 1 244978469 2.05E-05 0.19 1760 0.35 0.36 0.027 GRMZM2G083091  Transmembrane 
proteins 14C  
S1_244978478 1 244978478 7.39E-05 0.07 1760 0.35 0.36 0.043 GRMZM2G083182 (ATGCN3,GCN3): 
general control non-


















Genes within 10 Kp 
of SNP Annotation 
S1_244978478 1 244978478 7.39E-05 0.07 1760 0.35 0.36 0.043 GRMZM2G083156 (MOT1): molybdate 
transporter 1  
S1_244978478 1 244978478 7.39E-05 0.07 1760 0.35 0.36 0.043 GRMZM2G083091 Transmembrane 
proteins 14C  
S1_245035072 1 245035072 1.68E-05 0.33 1760 0.35 0.36 0.025 GRMZM2G174549 (ATPAP18,PAP18): 
purple acid 
phosphatase 18  
S1_245035072 1 245035072 1.68E-05 0.33 1760 0.35 0.36 0.025 GRMZM2G174574  AMP-dependent 
synthetase and 
ligase family protein  
S1_245035072 1 245035072 1.68E-05 0.33 1760 0.35 0.36 0.025 GRMZM2G472403 histone-lysine N-
methyltransferases  
S1_245035242 1 245035242 4.23E-07 0.37 1760 0.35 0.36 0.008 GRMZM2G174549 (ATPAP18,PAP18): 
purple acid 
phosphatase 18  
S1_245035242 1 245035242 4.23E-07 0.37 1760 0.35 0.36 0.008 GRMZM2G174574 AMP-dependent 
synthetase and 
ligase family protein  
S1_245035242 1 245035242 4.23E-07 0.37 1760 0.35 0.36 0.008 GRMZM2G472403 histone-lysine N-
methyltransferases  
S1_245035279 1 245035279 6.47E-07 0.38 1760 0.35 0.36 0.008 GRMZM2G174549 (ATPAP18,PAP18): 
purple acid 
phosphatase 18  
S1_245035279 1 245035279 6.47E-07 0.38 1760 0.35 0.36 0.008 GRMZM2G174574 AMP-dependent 
synthetase and 
ligase family protein  
S1_245035279 1 245035279 6.47E-07 0.38 1760 0.35 0.36 0.008 GRMZM2G472403  histone-lysine N-
methyltransferases  
S1_245035313 1 245035313 8.03E-05 0.21 1760 0.35 0.36 0.045 GRMZM2G174549 (ATPAP18,PAP18): 
purple acid 


















Genes within 10 Kp 
of SNP Annotation 
S1_245035313 1 245035313 8.03E-05 0.21 1760 0.35 0.36 0.045 GRMZM2G174574  AMP-dependent 
synthetase and 
ligase family protein  
S1_245035313 1 245035313 8.03E-05 0.21 1760 0.35 0.36 0.045 GRMZM2G472403 histone-lysine N-
methyltransferases  
S1_245035347 1 245035347 2.24E-06 0.34 1760 0.35 0.36 0.013 GRMZM2G174549 (ATPAP18,PAP18): 
purple acid 
phosphatase 18  
S1_245035347 1 245035347 2.24E-06 0.34 1760 0.35 0.36 0.013 GRMZM2G174574 AMP-dependent 
synthetase and 
ligase family protein  
S1_245035347 1 245035347 2.24E-06 0.34 1760 0.35 0.36 0.013 GRMZM2G472403 histone-lysine N-
methyltransferases  
S1_245035387 1 245035387 8.50E-06 0.34 1760 0.35 0.36 0.021 GRMZM2G174549 (ATPAP18,PAP18): 
purple acid 
phosphatase 18  
S1_245035387 1 245035387 8.50E-06 0.34 1760 0.35 0.36 0.021 GRMZM2G174574 AMP-dependent 
synthetase and 
ligase family protein  
S1_245035387 1 245035387 8.50E-06 0.34 1760 0.35 0.36 0.021 GRMZM2G472403   histone-lysine N-
methyltransferases  
S1_252931947 1 252931947 1.08E-04 0.19 1760 0.35 0.36 0.050 GRMZM2G111269 Protein kinase 
superfamily protein  
S1_257971543 1 257971543 5.93E-06 0.14 1760 0.35 0.36 0.018 GRMZM2G319281 Leucine-rich repeat 
(LRR) family protein  
S1_257971543 1 257971543 5.93E-06 0.14 1760 0.35 0.36 0.018 GRMZM2G055037 SBP (S-ribonuclease 
binding protein) 
family protein  
S1_258045844 1 258045844 8.40E-05 0.12 1760 0.35 0.36 0.046 GRMZM2G046101 O-Glycosyl 



















Genes within 10 Kp 
of SNP Annotation 
S1_258875029 1 258875029 4.87E-06 0.48 1760 0.35 0.36 0.016 GRMZM2G359127 2Fe-2S ferredoxin-
like superfamily 
protein  
S1_258875029 1 258875029 4.87E-06 0.48 1760 0.35 0.36 0.016 GRMZM2G704005 Lactoylglutathione 
lyase / glyoxalase I 
family protein  
S1_258957508 1 258957508 1.28E-05 0.28 1760 0.35 0.36 0.024 GRMZM2G149238 (ATTBP2,TBP2): 
TATA binding 
protein 2 
S1_258957508 1 258957508 1.28E-05 0.28 1760 0.35 0.36 0.024 GRMZM2G149219   
(ATWRKY49,WRKY4
9): WRKY DNA-
binding protein 49  





S1_259219664 1 259219664 9.60E-05 0.12 1760 0.35 0.36 0.048 GRMZM2G154151  Microsomal signal 
peptidase 12 kDa 
subunit (SPC12)  
S1_259274478 1 259274478 8.85E-05 0.20 1760 0.35 0.36 0.047 GRMZM2G176605 Ankyrin repeat 
family protein  
S1_260150212 1 260150212 6.51E-05 0.37 1760 0.35 0.36 0.042 GRMZM2G134976 Protein of unknown 
function, DUF593  




S1_260150230 1 260150230 7.02E-06 0.38 1760 0.35 0.36 0.020 GRMZM2G134976 Protein of unknown 


















Genes within 10 Kp 
of SNP Annotation 
           




S1_260150325 1 260150325 1.09E-05 0.38 1760 0.35 0.36 0.023 GRMZM2G134976 Protein of unknown 
function, DUF593  









S1_275776628 1 275776628 2.95E-05 0.36 1760 0.35 0.36 0.030 GRMZM2G171248 sterol isomerases  
S1_278451818 1 278451818 7.40E-07 0.38 1760 0.35 0.36 0.009 GRMZM2G047628 (ATRPA1A,ATRPA70
A,RPA1A,RPA70A): 
replication protein A 
1A 
S1_286399806 1 286399806 8.02E-05 0.43 1760 0.35 0.36 0.045 GRMZM2G110295 (GATA2): GATA 
transcription factor 
2 
S1_288014744 1 288014744 3.11E-05 0.35 1760 0.35 0.36 0.030 GRMZM2G141244  zinc finger (C3HC4-
type RING finger) 
family protein  
S1_290309506 1 290309506 5.46E-05 0.42 1760 0.35 0.36 0.038 GRMZM2G082312 carboxyl-terminal 
peptidase, putative, 
expressed  


















Genes within 10 Kp 
of SNP Annotation 
S1_291901727 1 291901727 2.21E-05 0.16 1760 0.35 0.36 0.027 GRMZM5G831951 (AP19): associated 
protein 19 




S1_291901727 1 291901727 2.21E-05 0.16 1760 0.35 0.36 0.027 GRMZM2G087753 BRCA1 C Terminus 
domain containing 
protein, expressed  
S1_295018890 1 295018890 1.09E-04 0.36 1760 0.35 0.36 0.050 GRMZM2G139041 (NPC1): non-specific 
phospholipase C1  
S1_295018890 1 295018890 1.09E-04 0.36 1760 0.35 0.36 0.050 GRMZM2G139123 Transcriptional 
coactivator/pterin 
dehydratase 
S1_295018912 1 295018912 1.09E-04 0.36 1760 0.35 0.36 0.050 GRMZM2G139041   (NPC1): non-
specific 
phospholipase C1  
S1_295018912 1 295018912 1.09E-04 0.36 1760 0.35 0.36 0.050 GRMZM2G139123 Transcriptional 
coactivator/pterin 
dehydratase 
S1_295018933 1 295018933 1.09E-04 0.36 1760 0.35 0.36 0.050 GRMZM2G139041   (NPC1): non-
specific 
phospholipase C1  
S1_295018933 1 295018933 1.09E-04 0.36 1760 0.35 0.36 0.050 GRMZM2G139123 Transcriptional 
coactivator/pterin 
dehydratase 
S1_295306897 1 295306897 1.75E-05 0.21 1760 0.35 0.36 0.025 GRMZM5G840909 Cytidine/deoxycytid
ylate deaminase 
family protein  
           


















Genes within 10 Kp 
of SNP Annotation 
S1_295306897 1 295306897 1.75E-05 0.21 1760 0.35 0.36 0.025 AC191575.2_FG001 Haloacid 
dehalogenase-like 
hydrolase (HAD) 
superfamily protein  
S1_295306897 1 295306897 1.75E-05 0.21 1760 0.35 0.36 0.025 GRMZM5G882418  Pectin lyase-like 
superfamily protein  
S1_295306910 1 295306910 1.75E-05 0.21 1760 0.35 0.36 0.025 GRMZM5G840909 Cytidine/deoxycytid
ylate deaminase 
family protein  
S1_295306910 1 295306910 1.75E-05 0.21 1760 0.35 0.36 0.025 AC191575.2_FG001 Haloacid 
dehalogenase-like 
hydrolase (HAD) 
superfamily protein  
S1_295306910 1 295306910 1.75E-05 0.21 1760 0.35 0.36 0.025 GRMZM5G882418 Pectin lyase-like 
superfamily protein  
S1_295349611 1 295349611 5.32E-05 0.17 1760 0.35 0.36 0.037 GRMZM5G840909 Cytidine/deoxycytid
ylate deaminase 
family protein  
S1_295349611 1 295349611 5.32E-05 0.17 1760 0.35 0.36 0.037 AC191575.2_FG001 Haloacid 
dehalogenase-like 
hydrolase (HAD) 
superfamily protein  
S1_295349611 1 295349611 5.32E-05 0.17 1760 0.35 0.36 0.037 GRMZM5G882418 Pectin lyase-like 
superfamily protein  
S1_295349612 1 295349612 1.54E-05 0.19 1760 0.35 0.36 0.025 GRMZM5G840909 Cytidine/deoxycytid
ylate deaminase 
family protein  
S1_295349612 1 295349612 1.54E-05 0.19 1760 0.35 0.36 0.025 AC191575.2_FG001 Haloacid 
dehalogenase-like 
hydrolase (HAD) 


















Genes within 10 Kp 
of SNP Annotation 
S1_295349612 1 295349612 1.54E-05 0.19 1760 0.35 0.36 0.025 GRMZM5G882418 Pectin lyase-like 
superfamily protein  
S1_295349615 1 295349615 1.54E-05 0.19 1760 0.35 0.36 0.025 GRMZM5G840909 Cytidine/deoxycytid
ylate deaminase 
family protein  
S1_295349615 1 295349615 1.54E-05 0.19 1760 0.35 0.36 0.025 AC191575.2_FG001 Haloacid 
dehalogenase-like 
hydrolase (HAD) 
superfamily protein  
S1_295349615 1 295349615 1.54E-05 0.19 1760 0.35 0.36 0.025 GRMZM5G882418 Pectin lyase-like 
superfamily protein  
S1_300990544 1 300990544 3.02E-05 0.27 1760 0.35 0.36 0.030 GRMZM2G122267 Pleckstrin homology 
(PH) domain-
containing protein  
S1_300994650 1 300994650 1.45E-05 0.23 1760 0.35 0.36 0.024 GRMZM2G122267 Pleckstrin homology 
(PH) domain-
containing protein  
S1_300994672 1 300994672 1.88E-06 0.24 1760 0.35 0.36 0.012 GRMZM2G122267 Pleckstrin homology 
(PH) domain-
containing protein  
S1_300994674 1 300994674 1.88E-06 0.24 1760 0.35 0.36 0.012 GRMZM2G122267 Pleckstrin homology 
(PH) domain-
containing protein  

























Genes within 10 Kp 
of SNP Annotation 
S2_3106376 2 3106376 5.30E-05 0.37 1760 0.35 0.36 0.037 GRMZM2G035370  myb-like HTH 
transcriptional regul  
S2_3106376 2 3106376 5.30E-05 0.37 1760 0.35 0.36 0.037 GRMZM2G035325 SWIB complex 
BAF60b domain-
containing protein  
S2_9314762 2 9314762 3.07E-05 0.19 1760 0.35 0.36 0.030 GRMZM2G041518 (HERK2): hercules 
receptor kinase 2  
S2_9314762 2 9314762 3.07E-05 0.19 1760 0.35 0.36 0.030 GRMZM2G337011 DNA binding  
S2_9314772 2 9314772 1.01E-04 0.15 1760 0.35 0.36 0.048 GRMZM2G041518 (HERK2): hercules 
receptor kinase 2  
S2_9314772 2 9314772 1.01E-04 0.15 1760 0.35 0.36 0.048 GRMZM2G337011 DNA binding  








S2_17790342 2 17790342 7.71E-05 0.24 1760 0.35 0.36 0.044 GRMZM2G101383  Pseudouridine 
synthase family 
protein  


























Genes within 10 Kp 
of SNP Annotation 
S2_17790343 2 17790343 7.71E-05 0.24 1760 0.35 0.36 0.044 GRMZM2G101383 Pseudouridine 
synthase family 
protein  
S2_21008179 2 21008179 9.73E-05 0.14 1760 0.35 0.36 0.048 AC212835.3_FG007 placental protein 11 
precursor, putative, 
expressed  
S2_21008179 2 21008179 9.73E-05 0.14 1760 0.35 0.36 0.048 AC212835.3_FG008 Protein kinase 
superfamily protein  
S2_21324760 2 21324760 1.02E-04 0.10 1760 0.35 0.36 0.049 GRMZM2G021530 (CYCP4,CYCP4;2): 
CYCLIN P4;2  





S2_22193603 2 22193603 9.40E-05 0.19 1760 0.35 0.36 0.047 GRMZM2G109262 Lactoylglutathione 
lyase / glyoxalase I 
family protein  
S2_22884845 2 22884845 1.36E-05 0.18 1760 0.35 0.36 0.024 GRMZM2G394450 Glycosyl hydrolases 
family 32 protein  





protein family  
S2_22974308 2 22974308 9.85E-05 0.15 1760 0.35 0.36 0.048 GRMZM2G505380 DTA2, putative, 
expressed  
           
           


















Genes within 10 Kp 
of SNP Annotation 
S2_23765145 2 23765145 8.56E-05 0.40 1760 0.35 0.36 0.046 GRMZM2G026656 (FTRA2): 
ferredoxin/thioredo
xin reductase 
subunit A (variable 
subunit) 2  








S2_25747245 2 25747245 1.28E-07 0.43 1760 0.35 0.36 0.004 AC212859.3_FG007 (DCAF1): DDB1-
CUL4 associated 
factor 1  
S2_26717898 2 26717898 5.57E-07 0.48 1760 0.35 0.36 0.008 GRMZM2G113990 Endosomal targeting 
BRO1-like domain-
containing protein  
S2_26717898 2 26717898 5.57E-07 0.48 1760 0.35 0.36 0.008 GRMZM2G114153 GRAM domain-
containing protein / 
ABA-responsive 
protein-related  
S2_26717898 2 26717898 5.57E-07 0.48 1760 0.35 0.36 0.008 GRMZM2G114149 Mitochondrial 
substrate carrier 
family protein  
S2_40011166 2 40011166 1.09E-04 0.34 1760 0.35 0.36 0.050 GRMZM2G327295 Copper transport 
protein family  





















Genes within 10 Kp 
of SNP Annotation 
S2_40011166 2 40011166 1.09E-04 0.34 1760 0.35 0.36 0.050 GRMZM2G022797 putative, expressed  
S2_40508168 2 40508168 7.64E-05 0.10 1760 0.35 0.36 0.044 GRMZM2G042443 (RDR2,SMD1): RNA-
dependent RNA 
polymerase 2  
S2_40508170 2 40508170 2.42E-05 0.10 1760 0.35 0.36 0.028 GRMZM2G042443 (RDR2,SMD1): RNA-
dependent RNA 
polymerase 2  
S2_40508178 2 40508178 2.42E-05 0.10 1760 0.35 0.36 0.028 GRMZM2G042443 (RDR2,SMD1): RNA-
dependent RNA 
polymerase 2  






































Genes within 10 Kp 
of SNP Annotation 
S2_48739467 2 48739467 6.03E-05 0.19 1760 0.35 0.36 0.040 GRMZM2G064773 (EMB71,MAPKKK4,Y
DA): Protein kinase 
superfamily protein  
S2_48739467 2 48739467 6.03E-05 0.19 1760 0.35 0.36 0.040 GRMZM2G361100 (PUB25): plant U-
box 25 
S2_49917746 2 49917746 1.09E-04 0.32 1760 0.35 0.36 0.050 GRMZM2G357660 Acyl-CoA N-
acyltransferase with 
RING/FYVE/PHD-
type zinc finger 
protein  
S2_51285307 2 51285307 9.40E-05 0.17 1760 0.35 0.36 0.047 GRMZM5G806108 Protein kinase 
superfamily protein  
S2_60659139 2 60659139 6.71E-05 0.13 1760 0.35 0.36 0.042 GRMZM2G069856 forkhead-associated 
domain-containing 
protein / FHA 
domain-containing 
protein  
S2_60659139 2 60659139 6.71E-05 0.13 1760 0.35 0.36 0.042 GRMZM2G069708 NAD(P)-binding 
Rossmann-fold 
superfamily protein  
S2_60659166 2 60659166 7.20E-05 0.13 1760 0.35 0.36 0.043 GRMZM2G069856 forkhead-associated 
domain-containing 
protein / FHA 
domain-containing 
protein 
S2_60659166 2 60659166 7.20E-05 0.13 1760 0.35 0.36 0.043 GRMZM2G069708 NAD(P)-binding 
Rossmann-fold 
superfamily protein  
S2_63670637 2 63670637 2.96E-05 0.11 1760 0.35 0.36 0.030 GRMZM2G436533 Homeodomain-like 
superfamily protein  
S2_63670859 2 63670859 6.83E-05 0.09 1760 0.35 0.36 0.042 GRMZM2G436533 Homeodomain-like 


















Genes within 10 Kp 
of SNP Annotation 
S2_63670892 2 63670892 2.92E-06 0.10 1760 0.35 0.36 0.014 GRMZM2G436533 Homeodomain-like 
superfamily protein  
S2_63670904 2 63670904 2.92E-06 0.10 1760 0.35 0.36 0.014 GRMZM2G436533 Homeodomain-like 
superfamily protein  
S2_63753407 2 63753407 2.27E-05 0.10 1760 0.35 0.36 0.028 GRMZM2G373849 (ATHSP93-
V,CLPC,CLPC1,DCA1,
HSP93-V): CLPC 
homologue 1  
S2_63753407 2 63753407 2.27E-05 0.10 1760 0.35 0.36 0.028 GRMZM2G373828 Calcium-binding EF-
hand family protein  








S2_115055708 2 115055708 1.42E-05 0.18 1760 0.35 0.36 0.024 GRMZM2G008649  : jasmonate-
induced protein, 
putative, expressed  
S2_143049728 2 143049728 1.10E-04 0.12 1760 0.35 0.36 0.050 GRMZM2G348866 (ATDCP1,DCP1): 
decapping 1  
S2_143049728 2 143049728 1.10E-04 0.12 1760 0.35 0.36 0.050 GRMZM2G348855 F-box family protein  
S2_148723161 2 148723161 5.45E-07 0.07 1760 0.35 0.36 0.008 GRMZM2G025002   (GATA12): GATA 
transcription factor 
12 
S2_149523377 2 149523377 3.58E-07 0.14 1760 0.35 0.36 0.008 GRMZM2G079236 (LACS8): AMP-
dependent 
synthetase and 


















Genes within 10 Kp 
of SNP Annotation 
S2_149523377 2 149523377 3.58E-07 0.14 1760 0.35 0.36 0.008 GRMZM2G079127 MATE efflux family 
protein  
S2_149785808 2 149785808 5.48E-05 0.15 1760 0.35 0.36 0.038 GRMZM2G377797 Ribosomal protein 
S5 domain 2-like 
superfamily protein  
S2_149786062 2 149786062 1.58E-05 0.14 1760 0.35 0.36 0.025 GRMZM2G377797 Ribosomal protein 
S5 domain 2-like 
superfamily protein  
S2_150146615 2 150146615 2.09E-05 0.12 1760 0.35 0.36 0.027 GRMZM2G015080 (SCR,SGR1): GRAS 
family transcription 
factor  
S2_150440091 2 150440091 1.60E-05 0.11 1760 0.35 0.36 0.025 GRMZM2G130049 (ATCHX15,CHX15): 
cation/hydrogen 
exchanger 15  
S2_150441036 2 150441036 1.02E-04 0.11 1760 0.35 0.36 0.049 GRMZM2G130049 (ATCHX15,CHX15): 
cation/hydrogen 
exchanger 15  
S2_150441156 2 150441156 6.43E-06 0.12 1760 0.35 0.36 0.019 GRMZM2G130049 (ATCHX15,CHX15): 
cation/hydrogen 
exchanger 15  
S2_150441180 2 150441180 1.57E-05 0.11 1760 0.35 0.36 0.025 GRMZM2G130049 (ATCHX15,CHX15): 
cation/hydrogen 
exchanger 15  
S2_150446773 2 150446773 1.40E-05 0.12 1760 0.35 0.36 0.024 GRMZM2G130049 (ATCHX15,CHX15): 
cation/hydrogen 
exchanger 15  
S2_150704513 2 150704513 2.35E-06 0.10 1760 0.35 0.36 0.013 GRMZM2G007283 Protein kinase 
superfamily protein  
S2_150797209 2 150797209 1.14E-06 0.09 1760 0.35 0.36 0.011 GRMZM2G094535 Protein of unknown 
function (DUF567)  
S2_150803074 2 150803074 4.38E-05 0.13 1760 0.35 0.36 0.035 GRMZM2G094535 Protein of unknown 


















Genes within 10 Kp 
of SNP Annotation 
S2_160962925 2 160962925 3.59E-05 0.32 1760 0.35 0.36 0.032 GRMZM2G171370 (AtbZIP16,bZIP16): 
basic region/leucine 
zipper transcription 
factor 16  
S2_186642390 2 186642390 1.08E-04 0.16 1760 0.35 0.36 0.050 GRMZM2G063723 DNAJ heat shock N-
terminal domain-
containing protein  
S2_186642391 2 186642391 2.03E-05 0.16 1760 0.35 0.36 0.027 GRMZM2G063723  DNAJ heat shock N-
terminal domain-
containing protein  
S2_186642421 2 186642421 7.99E-05 0.21 1760 0.35 0.36 0.045 GRMZM2G063723 DNAJ heat shock N-
terminal domain-
containing protein  
S2_186642663 2 186642663 4.60E-06 0.16 1760 0.35 0.36 0.016 GRMZM2G063723 DNAJ heat shock N-
terminal domain-
containing protein  
S2_193506687 2 193506687 4.05E-05 0.24 1760 0.35 0.36 0.034 GRMZM2G150533 (GLX2-5): glyoxalase 
2-5  
S2_193506687 2 193506687 4.05E-05 0.24 1760 0.35 0.36 0.034 GRMZM5G848608 C2 domain-
containing protein / 
GRAM domain-
containing protein  






           
           


















Genes within 10 Kp 
of SNP Annotation 
S2_194355749 2 194355749 5.17E-05 0.31 1760 0.35 0.36 0.037 AC199782.5_FG002 (EMB2778,FKP1,HM
GS,MVA1): 
hydroxymethylgluta






S2_194355749 2 194355749 5.17E-05 0.31 1760 0.35 0.36 0.037 AC199782.5_FG003 TCP family 
transcription factor  





S2_203257688 2 203257688 4.14E-05 0.08 1760 0.35 0.36 0.035 GRMZM2G470075 MATE efflux family 
protein  
S2_203257688 2 203257688 4.14E-05 0.08 1760 0.35 0.36 0.035 GRMZM2G169539 MATE efflux family 
protein  
S2_208538475 2 208538475 2.56E-05 0.10 1760 0.35 0.36 0.029 GRMZM2G090274 (ERF1-3): eukaryotic 
release factor 1-3  
S2_208538475 2 208538475 2.56E-05 0.10 1760 0.35 0.36 0.029 GRMZM2G090493 ARM repeat 
superfamily protein  
S2_210001112 2 210001112 4.30E-05 0.50 1760 0.35 0.36 0.035 GRMZM2G340048 (CRK25): cysteine-
rich RLK (RECEPTOR-
like protein kinase) 
25 
S2_216005119 2 216005119 7.85E-05 0.25 1760 0.35 0.36 0.044 GRMZM2G171068 CW-type Zinc Finger  
           


















Genes within 10 Kp 
of SNP Annotation 




S2_224907521 2 224907521 9.67E-05 0.06 1760 0.35 0.36 0.048 GRMZM2G107945 (ADO3,FKF1): flavin-
binding, kelch 
repeat, f box 1 
S2_224907521 2 224907521 9.67E-05 0.06 1760 0.35 0.36 0.048 GRMZM2G408768 (GF14 NU,GRF7): 
general regulatory 
factor 7  
S2_232987495 2 232987495 1.14E-05 0.19 1760 0.35 0.36 0.023 GRMZM2G082809 TPX2 (targeting 
protein for Xklp2) 
protein family  
S3_4160924 3 4160924 1.71E-05 0.22 1760 0.35 0.36 0.025 GRMZM2G051043 (CID8): CTC-
interacting domain 
8 




S3_4194021 3 4194021 8.67E-05 0.09 1760 0.35 0.36 0.047 GRMZM2G051327 (ATSYP43,SYP43): 
syntaxin of plants 43  
S3_4194021 3 4194021 8.67E-05 0.09 1760 0.35 0.36 0.047 GRMZM2G051262  Alg9-like 
mannosyltransferas
e family  
























Genes within 10 Kp 
of SNP Annotation 
S3_4194030 3 4194030 1.79E-06 0.17 1760 0.35 0.36 0.012 GRMZM2G051327 (ATSYP43,SYP43): 
syntaxin of plants 43  
S3_4194030 3 4194030 1.79E-06 0.17 1760 0.35 0.36 0.012 GRMZM2G051262 Alg9-like 
mannosyltransferas
e family  







S3_4194054 3 4194054 1.79E-06 0.17 1760 0.35 0.36 0.012 GRMZM2G051327 (ATSYP43,SYP43): 
syntaxin of plants 43  
S3_4194054 3 4194054 1.79E-06 0.17 1760 0.35 0.36 0.012 GRMZM2G051262 Alg9-like 
mannosyltransferas
e family  







S3_4540263 3 4540263 6.19E-05 0.08 1760 0.35 0.36 0.041 GRMZM2G035256 alpha/beta-
Hydrolases 
superfamily protein  
S3_4540263 3 4540263 6.19E-05 0.08 1760 0.35 0.36 0.041 GRMZM2G035131 alpha/beta-
Hydrolases 
superfamily protein  


















Genes within 10 Kp 
of SNP Annotation 
S3_4540263 3 4540263 6.19E-05 0.08 1760 0.35 0.36 0.041 GRMZM2G035278 Polyketide 
cyclase/dehydrase 
and lipid transport 
superfamily protein  
S3_4862020 3 4862020 8.46E-05 0.15 1760 0.35 0.36 0.046 GRMZM2G471089 (AG): K-box region 
and MADS-box 
transcription factor 
family protein  
S3_6977655 3 6977655 5.21E-05 0.17 1760 0.35 0.36 0.037 GRMZM2G371176 (IQD26): IQ-domain 
26 
S3_8304349 3 8304349 4.29E-06 0.09 1760 0.35 0.36 0.016 GRMZM2G015509 (ATSYP22,ATVAM3,S
GR3,SYP22,VAM3): 
Syntaxin/t-SNARE 
family protein  
S3_8304349 3 8304349 4.29E-06 0.09 1760 0.35 0.36 0.016 GRMZM2G314898 HXXXD-type acyl-
transferase family 
protein  
S3_9580217 3 9580217 1.10E-04 0.20 1760 0.35 0.36 0.050 GRMZM2G363554 (IAGLU): indole-3-
acetate beta-D-
glucosyltransferase  




S3_9812918 3 9812918 9.69E-05 0.15 1760 0.35 0.36 0.048 GRMZM2G083518 (ATSYP32,SYP32): 
syntaxin of plants 32  
S3_9812918 3 9812918 9.69E-05 0.15 1760 0.35 0.36 0.048 GRMZM2G083374 (emb2410): embryo 
defective 2410  
S3_9812918 3 9812918 9.69E-05 0.15 1760 0.35 0.36 0.048 GRMZM2G083418 early fruit mRNA, 
putative, expressed  


















Genes within 10 Kp 
of SNP Annotation 




interacting factor 1  
S3_9853649 3 9853649 6.52E-05 0.12 1760 0.35 0.36 0.042 GRMZM2G305900 HXXXD-type acyl-
transferase family 
protein  
S3_9853649 3 9853649 6.52E-05 0.12 1760 0.35 0.36 0.042 GRMZM2G421604 Major facilitator 
superfamily protein  
S3_50606672 3 50606672 2.34E-06 0.44 1760 0.35 0.36 0.013 GRMZM2G170120 (CIPK1,SnRK3.16): 
CBL-interacting 
protein kinase 1  
S3_89038062 3 89038062 8.05E-05 0.16 1760 0.35 0.36 0.045 GRMZM2G164418 (UBP8): ubiquitin-
specific protease 8  
S3_92542371 3 92542371 5.74E-05 0.24 1760 0.35 0.36 0.039 GRMZM2G163059 (RXW8): 
lipases;hydrolases, 
acting on ester 
bonds 
S3_92542371 3 92542371 5.74E-05 0.24 1760 0.35 0.36 0.039 GRMZM2G163099 CAP (Cysteine-rich 
secretory proteins, 
Antigen 5, and 
Pathogenesis-
related 1 protein) 
superfamily protein  
S3_168004312 3 168004312 4.84E-05 0.12 1760 0.35 0.36 0.036 GRMZM2G392710 (CDC27b,HBT): 
CDC27 family 
protein  
S3_187711101 3 187711101 9.58E-06 0.21 1760 0.35 0.36 0.023 GRMZM2G438551 (ATCYS6,ATCYSB,CYS
B): cystatin B  


















Genes within 10 Kp 
of SNP Annotation 
S3_187711101 3 187711101 9.58E-06 0.21 1760 0.35 0.36 0.023 GRMZM2G138074 (CYP98A3): 
cytochrome P450, 
family 98, subfamily 
A, polypeptide 3  
S3_189700395 3 189700395 3.98E-05 0.27 1760 0.35 0.36 0.034 GRMZM2G085392 (AtENODL9,ENODL9
): early nodulin-like 
protein 9 
S3_189700395 3 189700395 3.98E-05 0.27 1760 0.35 0.36 0.034 GRMZM2G386276 (PDF2): protodermal 
factor 2  
S3_189700395 3 189700395 3.98E-05 0.27 1760 0.35 0.36 0.034 GRMZM2G386261 Pentatricopeptide 
repeat (PPR) 
superfamily protein  




S3_210977655 3 210977655 1.07E-05 0.13 1760 0.35 0.36 0.023 GRMZM2G151763 (ATWRKY28,WRKY2
8): WRKY DNA-
binding protein 28  
S3_214853553 3 214853553 2.16E-05 0.19 1760 0.35 0.36 0.027 GRMZM2G126239 (ATHB-
17,ATHB17,HB17): 
homeobox-leucine 
zipper protein 17  
S3_214853589 3 214853589 2.16E-05 0.19 1760 0.35 0.36 0.027 GRMZM2G126239 (ATHB-
17,ATHB17,HB17): 
homeobox-leucine 
zipper protein 17  
S3_214854840 3 214854840 9.64E-05 0.16 1760 0.35 0.36 0.048 GRMZM2G126239 (ATHB-
17,ATHB17,HB17): 
homeobox-leucine 


















Genes within 10 Kp 
of SNP Annotation 
S3_216648459 3 216648459 2.64E-05 0.28 1760 0.35 0.36 0.029 GRMZM2G464976 ZOS12-01 - C2H2 
zinc finger protein, 
expressed  
S3_216990765 3 216990765 1.05E-04 0.24 1760 0.35 0.36 0.049 GRMZM2G370745 (CYP72A14): 
cytochrome P450, 
family 72, subfamily 
A, polypeptide 14  
S3_216990773 3 216990773 8.75E-05 0.22 1760 0.35 0.36 0.047 GRMZM2G370745 (CYP72A14): 
cytochrome P450, 
family 72, subfamily 
A, polypeptide 14  
S3_217009770 3 217009770 5.28E-05 0.40 1760 0.35 0.36 0.037 GRMZM2G176943 (CYP72A15): 
cytochrome P450, 
family 72, subfamily 
A, polypeptide 15  
S3_217009771 3 217009771 5.28E-05 0.40 1760 0.35 0.36 0.037 GRMZM2G176943 (CYP72A15): 
cytochrome P450, 
family 72, subfamily 
A, polypeptide 15  
S3_219578255 3 219578255 1.96E-05 0.15 1760 0.35 0.36 0.027 GRMZM2G177693 (AtIDD7,IDD7): 
indeterminate(ID)-
domain 7  
S3_219690630 3 219690630 5.72E-05 0.23 1760 0.35 0.36 0.039 GRMZM2G463032 (ftsh4): FTSH 
protease 4  
S3_219690630 3 219690630 5.72E-05 0.23 1760 0.35 0.36 0.039 GRMZM5G848696 (GLYR2,GR2): 
glyoxylate reductase 
2 
S3_219691484 3 219691484 2.72E-05 0.21 1760 0.35 0.36 0.029 GRMZM2G463032  (ftsh4): FTSH 
protease 4  




















Genes within 10 Kp 
of SNP Annotation 
S3_222726588 3 222726588 6.76E-05 0.29 1760 0.35 0.36 0.042 GRMZM2G055578 CASC3/Barentsz 
eIF4AIII binding  




S3_222726589 3 222726589 2.06E-06 0.14 1760 0.35 0.36 0.012 GRMZM2G055578 CASC3/Barentsz 
eIF4AIII binding  




S3_222726607 3 222726607 7.59E-05 0.30 1760 0.35 0.36 0.044 GRMZM2G055578 CASC3/Barentsz 
eIF4AIII binding  




S3_222726628 3 222726628 2.06E-06 0.14 1760 0.35 0.36 0.012 GRMZM2G055578 CASC3/Barentsz 
eIF4AIII binding  




S3_224487288 3 224487288 8.64E-05 0.48 1760 0.35 0.36 0.046 GRMZM2G143139 (ABCG40,ATABCG40
,ATPDR12,PDR12): 
pleiotropic drug 
resistance 12  
S3_224487297 3 224487297 8.64E-05 0.48 1760 0.35 0.36 0.046 GRMZM2G143139 (ABCG40,ATABCG40
,ATPDR12,PDR12): 
pleiotropic drug 


















Genes within 10 Kp 
of SNP Annotation 
S3_225333995 3 225333995 8.40E-05 0.23 1760 0.35 0.36 0.046 GRMZM2G094428 HXXXD-type acyl-
transferase family 
protein  
S3_225333995 3 225333995 8.40E-05 0.23 1760 0.35 0.36 0.046 GRMZM2G094418 Protein of unknown 
function (DUF567)  
S3_231596457 3 231596457 7.37E-05 0.32 1760 0.35 0.36 0.043 GRMZM2G090722 Pyridoxal-
dependent 
decarboxylase 
family protein  





S4_30007 4 30007 2.21E-05 0.41 1760 0.35 0.36 0.027 GRMZM2G397661 : Thioesterase 
superfamily protein  
S4_2514655 4 2514655 2.30E-06 0.12 1760 0.35 0.36 0.013 GRMZM2G001160 (RECQI1): RECQ 
helicase l1  




with CH (Calponin 
Homology) domain  




S4_2767078 4 2767078 7.01E-05 0.43 1760 0.35 0.36 0.042 GRMZM2G126541 (scpl50): serine 
carboxypeptidase-


















Genes within 10 Kp 
of SNP Annotation 
S4_2767078 4 2767078 7.01E-05 0.43 1760 0.35 0.36 0.042 GRMZM2G126552 (VIP3): 
Transducin/WD40 
repeat-like 
superfamily protein  
S4_2767078 4 2767078 7.01E-05 0.43 1760 0.35 0.36 0.042 GRMZM2G126453 AAA-type ATPase 
family protein  




S4_2767079 4 2767079 5.17E-05 0.43 1760 0.35 0.36 0.037 GRMZM2G126541 (scpl50): serine 
carboxypeptidase-
like 50  
S4_2767079 4 2767079 5.17E-05 0.43 1760 0.35 0.36 0.037 GRMZM2G126552 (VIP3): 
Transducin/WD40 
repeat-like 
superfamily protein  
S4_2767079 4 2767079 5.17E-05 0.43 1760 0.35 0.36 0.037 GRMZM2G126453 AAA-type ATPase 
family protein  
S4_5405765 4 5405765 4.11E-06 0.10 1760 0.35 0.36 0.016 GRMZM2G154414 (ICK5,ICN6,KRP7): 
Cyclin-dependent 
kinase inhibitor 
family protein  
S4_12584810 4 12584810 5.72E-05 0.12 1760 0.35 0.36 0.039 GRMZM2G030463 mRNA capping 
enzyme family 
protein  
S4_12784637 4 12784637 3.20E-05 0.42 1760 0.35 0.36 0.031 GRMZM2G139533 NagB/RpiA/CoA 
transferase-like 
superfamily protein  
S4_12784642 4 12784642 3.20E-05 0.42 1760 0.35 0.36 0.031 GRMZM2G139533 NagB/RpiA/CoA 
transferase-like 


















Genes within 10 Kp 
of SNP Annotation 




S4_186841596 4 186841596 5.37E-06 0.26 1760 0.35 0.36 0.017 GRMZM2G076087 KOW domain-
containing protein  
S4_186841596 4 186841596 5.37E-06 0.26 1760 0.35 0.36 0.017 GRMZM2G353301 Pentatricopeptide 
repeat (PPR) 
superfamily protein  
S4_186841596 4 186841596 5.37E-06 0.26 1760 0.35 0.36 0.017 GRMZM2G142777 Phosphoglycerate 
mutase family 
protein  












S4_191295476 4 191295476 1.75E-05 0.18 1760 0.35 0.36 0.025 GRMZM2G067865 SBP (S-ribonuclease 
binding protein) 
family protein  





















Genes within 10 Kp 
of SNP Annotation 
S4_191765044 4 191765044 6.64E-06 0.42 1760 0.35 0.36 0.019 GRMZM2G142342 RmlC-like cupins 
superfamily protein  
S4_191765044 4 191765044 6.64E-06 0.42 1760 0.35 0.36 0.019 GRMZM2G142344 SNARE associated 
Golgi protein family  




S4_234406994 4 234406994 9.08E-05 0.11 1760 0.35 0.36 0.047 GRMZM2G039848 alpha/beta-
Hydrolases 
superfamily protein  
S4_234406994 4 234406994 9.08E-05 0.11 1760 0.35 0.36 0.047 GRMZM2G336761 RING/U-box 
superfamily protein  




plastid 2  




S4_237323066 4 237323066 1.95E-05 0.17 1760 0.35 0.36 0.027 GRMZM2G153745  EMB1303, putative, 
expressed  
S4_237323066 4 237323066 1.95E-05 0.17 1760 0.35 0.36 0.027 GRMZM2G451007 Leucine-rich 
receptor-like 
protein kinase 
family protein  
S4_237323066 4 237323066 1.95E-05 0.17 1760 0.35 0.36 0.027 GRMZM2G450937 Ribosomal protein 
L19e family protein  



















Genes within 10 Kp 
of SNP Annotation 
S4_237323072 4 237323072 4.55E-05 0.18 1760 0.35 0.36 0.035 GRMZM2G451007 Leucine-rich 
receptor-like 
protein kinase 
family protein  
S4_237323072 4 237323072 4.55E-05 0.18 1760 0.35 0.36 0.035 GRMZM2G450937  Ribosomal protein 
L19e family protein  
S4_237610718 4 237610718 9.68E-05 0.21 1760 0.35 0.36 0.048 GRMZM2G155384 (ATRPN1A,RPN1A): 
26S proteasome 
regulatory subunit 
S2 1A  
S4_237610718 4 237610718 9.68E-05 0.21 1760 0.35 0.36 0.048 GRMZM2G155370 (CIA2): chloroplast 
import apparatus 2  
S4_237686607 4 237686607 5.62E-05 0.15 1760 0.35 0.36 0.039 GRMZM2G117441 DNA/RNA-binding 
protein Kin17, 
conserved region  
S4_237686607 4 237686607 5.62E-05 0.15 1760 0.35 0.36 0.039 AC196708.3_FG006 SAUR-like auxin-
responsive protein 
family  
S4_237686607 4 237686607 5.62E-05 0.15 1760 0.35 0.36 0.039 GRMZM2G117346 splicing factor, 
putative  
S4_238120947 4 238120947 3.66E-05 0.13 1760 0.35 0.36 0.033 GRMZM2G389768 (CSDP1): cold shock 
domain protein 1  
S4_238991104 4 238991104 2.08E-06 0.26 1760 0.35 0.36 0.012 GRMZM2G019106 (AtbZIP16,bZIP16): 
basic region/leucine 
zipper transcription 
factor 16  























Genes within 10 Kp 
of SNP Annotation 
S4_238991104 4 238991104 2.08E-06 0.26 1760 0.35 0.36 0.012 GRMZM2G324956 HSP20-like 
chaperones 
superfamily protein  
S4_239003429 4 239003429 9.82E-05 0.16 1760 0.35 0.36 0.048 GRMZM2G019106 (AtbZIP16,bZIP16): 
basic region/leucine 
zipper transcription 
factor 16  





superfamily protein  
S4_239003429 4 239003429 9.82E-05 0.16 1760 0.35 0.36 0.048 GRMZM2G324863 (SUV2): protein 
dimerizations  
S4_239003429 4 239003429 9.82E-05 0.16 1760 0.35 0.36 0.048 GRMZM5G893782 NAD(P)-linked 
oxidoreductase 
superfamily protein  





S4_240616519 4 240616519 1.08E-04 0.41 1760 0.35 0.36 0.050 GRMZM2G167103 (PGY2): Ribosomal 
protein L6 family  




superfamily protein  


















Genes within 10 Kp 
of SNP Annotation 




S5_929964 5 929964 7.77E-05 0.20 1760 0.35 0.36 0.044 GRMZM2G082976 (DER2.2): DERLIN-
2.2  
S5_929964 5 929964 7.77E-05 0.20 1760 0.35 0.36 0.044 GRMZM2G028955 (HTA6): histone H2A 
6 
S5_929964 5 929964 7.77E-05 0.20 1760 0.35 0.36 0.044 GRMZM2G083081 DUF565 domain 
containing protein, 
putative, expressed  
S5_929964 5 929964 7.77E-05 0.20 1760 0.35 0.36 0.044 GRMZM2G028889 hydroxyproline-rich 
glycoprotein family 
protein  
S5_929964 5 929964 7.77E-05 0.20 1760 0.35 0.36 0.044 GRMZM2G030858 transducin family 
protein / WD-40 
repeat family 
protein  
S5_1051375 5 1051375 1.40E-05 0.32 1760 0.35 0.36 0.024 GRMZM2G012229 (RIN4): RPM1 
interacting protein 4  
S5_1051375 5 1051375 1.40E-05 0.32 1760 0.35 0.36 0.024 GRMZM2G313460 brefeldin A-sensitive 
Golgi protein-like, 
putative, expressed  
S5_1051375 5 1051375 1.40E-05 0.32 1760 0.35 0.36 0.024 GRMZM2G013042 NAD(P)-binding 
Rossmann-fold 
superfamily protein  






















Genes within 10 Kp 
of SNP Annotation 




S5_1051375 5 1051375 1.40E-05 0.32 1760 0.35 0.36 0.024 GRMZM2G313656  Sterile alpha motif 
(SAM) domain-
containing protein  
S5_1051390 5 1051390 5.81E-05 0.35 1760 0.35 0.36 0.039 GRMZM2G012229 (RIN4): RPM1 
interacting protein 4  
S5_1051390 5 1051390 5.81E-05 0.35 1760 0.35 0.36 0.039 GRMZM2G313460  brefeldin A-
sensitive Golgi 
protein-like, 
putative, expressed  
S5_1051390 5 1051390 5.81E-05 0.35 1760 0.35 0.36 0.039 GRMZM2G013042  NAD(P)-binding 
Rossmann-fold 
superfamily protein  








S5_1051390 5 1051390 5.81E-05 0.35 1760 0.35 0.36 0.039 GRMZM2G313656 Sterile alpha motif 
(SAM) domain-
containing protein  





















Genes within 10 Kp 
of SNP Annotation 
S5_1895033 5 1895033 7.47E-05 0.16 1760 0.35 0.36 0.044 GRMZM2G398668  5\'-3\' exonuclease 
family protein  
S5_1895033 5 1895033 7.47E-05 0.16 1760 0.35 0.36 0.044 GRMZM2G100419 AT3G05940.1: 
Protein of unknown 
function (DUF300)  





S5_2260025 5 2260025 9.74E-05 0.17 1760 0.35 0.36 0.048 GRMZM2G144020 (Fes1A): Fes1A  
S5_2260025 5 2260025 9.74E-05 0.17 1760 0.35 0.36 0.048 GRMZM2G143998 Major facilitator 
superfamily protein  
S5_2521558 5 2521558 9.93E-06 0.22 1760 0.35 0.36 0.023 GRMZM2G160064 Chloroplast-
targeted copper 
chaperone protein  
S5_2521558 5 2521558 9.93E-06 0.22 1760 0.35 0.36 0.023 GRMZM2G458266 Transducin/WD40 
repeat-like 
superfamily protein  
S5_2521581 5 2521581 1.60E-05 0.21 1760 0.35 0.36 0.025 GRMZM2G160064 Chloroplast-
targeted copper 
chaperone protein  
S5_2521581 5 2521581 1.60E-05 0.21 1760 0.35 0.36 0.025 GRMZM2G458266 Transducin/WD40 
repeat-like 
superfamily protein  
S5_2593784 5 2593784 7.71E-05 0.20 1760 0.35 0.36 0.044 GRMZM2G110881 NAD(P)-binding 
Rossmann-fold 
superfamily protein  
S5_2593784 5 2593784 7.71E-05 0.20 1760 0.35 0.36 0.044 GRMZM2G410865 NAD(P)-binding 
Rossmann-fold 


















Genes within 10 Kp 
of SNP Annotation 
S5_2593784 5 2593784 7.71E-05 0.20 1760 0.35 0.36 0.044 GRMZM2G110952 Pentatricopeptide 
repeat (PPR) 
superfamily protein  
S5_3087242 5 3087242 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM2G043453 (ALB-
1V,ALB1,CHLD,PDE1
66,V157): ALBINA 1  
S5_3087242 5 3087242 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM2G043802 DUF617 domain 
containing protein, 
expressed  
S5_3087242 5 3087242 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM5G854045 HIT zinc finger 
;PAPA-1-like 
conserved region  
S5_3087244 5 3087244 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM2G043453 (ALB-
1V,ALB1,CHLD,PDE1
66,V157): ALBINA 1  
S5_3087244 5 3087244 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM2G043802 DUF617 domain 
containing protein, 
expressed  
S5_3087244 5 3087244 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM5G854045 HIT zinc finger 
;PAPA-1-like 
conserved region  
S5_3087246 5 3087246 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM2G043453 (ALB-
1V,ALB1,CHLD,PDE1
66,V157): ALBINA 1  
S5_3087246 5 3087246 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM2G043802 DUF617 domain 
containing protein, 
expressed  
S5_3087246 5 3087246 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM5G854045 HIT zinc finger 
;PAPA-1-like 
conserved region  


















Genes within 10 Kp 
of SNP Annotation 
S5_3087247 5 3087247 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM2G043453 (ALB-
1V,ALB1,CHLD,PDE1
66,V157): ALBINA 1  
S5_3087247 5 3087247 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM2G043802 DUF617 domain 
containing protein, 
expressed  
S5_3087247 5 3087247 4.57E-05 0.25 1760 0.35 0.36 0.035 GRMZM5G854045 HIT zinc finger 
;PAPA-1-like 
conserved region  






S5_30598740 5 30598740 5.90E-06 0.38 1760 0.35 0.36 0.018 GRMZM2G123550 CCT motif family 
protein  
S5_30598740 5 30598740 5.90E-06 0.38 1760 0.35 0.36 0.018 GRMZM2G123495 Ribosomal protein 
L14p/L23e family 
protein  
S5_30744716 5 30744716 6.87E-05 0.09 1760 0.35 0.36 0.042 GRMZM2G324540 (MAC3A): MOS4-
associated complex 
3A 




S5_31881160 5 31881160 1.75E-05 0.07 1760 0.35 0.36 0.025 GRMZM2G326707 (ATPT2,PHT1;4): 
phosphate 
transporter 1;4  
S5_33783813 5 33783813 3.06E-06 0.16 1760 0.35 0.36 0.014 GRMZM2G137694 (KCS11): 3-ketoacyl-


















Genes within 10 Kp 
of SNP Annotation 
S5_52761679 5 52761679 7.48E-05 0.07 1760 0.35 0.36 0.044 GRMZM2G061485 (ATRPA2,ATRPA32A,
ROR1,RPA2,RPA32A)
: replicon protein A2  
S5_52761679 5 52761679 7.48E-05 0.07 1760 0.35 0.36 0.044 GRMZM2G168920 Zinc finger protein 
622  




S5_54916355 5 54916355 6.68E-05 0.12 1760 0.35 0.36 0.042 GRMZM2G307397 (HAT3): homeobox-
leucine zipper 
protein 3 
S5_56901755 5 56901755 9.73E-06 0.30 1760 0.35 0.36 0.023 GRMZM2G135674 (ATHKT1,HKT1): 
high-affinity K+ 
transporter 1  
S5_56901755 5 56901755 9.73E-06 0.30 1760 0.35 0.36 0.023 GRMZM2G329999 Protein of unknown 
function, DUF617  
S5_60927558 5 60927558 3.29E-05 0.40 1760 0.35 0.36 0.031 GRMZM2G361993 SAUR-like auxin-
responsive protein 
family  
S5_60989986 5 60989986 4.49E-05 0.49 1760 0.35 0.36 0.035 GRMZM2G457125 (ATRAB-
A3,ATRABA3,RABA3
): RAB GTPase 
homolog A3  
           
S5_60989986 5 60989986 4.49E-05 0.49 1760 0.35 0.36 0.035 GRMZM2G158131 ATPase, F1 complex, 
OSCP/delta subunit 
protein  
            
           


















Genes within 10 Kp 
of SNP Annotation 




superfamily protein  
S5_60989986 5 60989986 4.49E-05 0.49 1760 0.35 0.36 0.035 GRMZM2G158103 Putative membrane 
lipoprotein  
S5_60990903 5 60990903 5.11E-05 0.47 1760 0.35 0.36 0.037 GRMZM2G457125 (ATRAB-
A3,ATRABA3,RABA3
): RAB GTPase 
homolog A3  
S5_60990903 5 60990903 5.11E-05 0.47 1760 0.35 0.36 0.037 GRMZM2G158131 ATPase, F1 complex, 
OSCP/delta subunit 
protein  




superfamily protein  
S5_60990903 5 60990903 5.11E-05 0.47 1760 0.35 0.36 0.037 GRMZM2G158045 Protein kinase 
superfamily protein  
S5_60990903 5 60990903 5.11E-05 0.47 1760 0.35 0.36 0.037 GRMZM2G158103 Putative membrane 
lipoprotein  
S5_60995665 5 60995665 3.93E-06 0.32 1760 0.35 0.36 0.015 GRMZM2G457125 (ATRAB-
A3,ATRABA3,RABA3
): RAB GTPase 
homolog A3  
S5_60995665 5 60995665 3.93E-06 0.32 1760 0.35 0.36 0.015 GRMZM2G158131 ATPase, F1 complex, 
OSCP/delta subunit 
protein  


















Genes within 10 Kp 
of SNP Annotation 




superfamily protein  
S5_60995665 5 60995665 3.93E-06 0.32 1760 0.35 0.36 0.015 GRMZM2G158045 Protein kinase 
superfamily protein  
S5_60995665 5 60995665 3.93E-06 0.32 1760 0.35 0.36 0.015 GRMZM2G158103 Putative membrane 
lipoprotein  
S5_63640217 5 63640217 9.92E-05 0.16 1760 0.35 0.36 0.048 GRMZM2G028501 (GAUT3): 
galacturonosyltransf
erase 3  
S5_65116064 5 65116064 1.22E-05 0.10 1760 0.35 0.36 0.024 GRMZM2G057000 (CBB1,DIM,DIM1,D
WF1,EVE1): cell 
elongation protein / 
DWARF1 / 
DIMINUTO (DIM)  
S5_65116064 5 65116064 1.22E-05 0.10 1760 0.35 0.36 0.024 GRMZM2G313341 Spc97 / Spc98 family 
of spindle pole body 
(SBP) component  




S5_65116185 5 65116185 4.79E-05 0.10 1760 0.35 0.36 0.036 GRMZM2G057000 (CBB1,DIM,DIM1,D
WF1,EVE1): cell 
elongation protein / 
DWARF1 / 
DIMINUTO (DIM)  
           


















Genes within 10 Kp 
of SNP Annotation 
S5_65116185 5 65116185 4.79E-05 0.10 1760 0.35 0.36 0.036 GRMZM2G313341 : Spc97 / Spc98 
family of spindle 
pole body (SBP) 
component  




S5_65116186 5 65116186 4.79E-05 0.10 1760 0.35 0.36 0.036 GRMZM2G057000 (CBB1,DIM,DIM1,D
WF1,EVE1): cell 
elongation protein / 
DWARF1 / 
DIMINUTO (DIM)  
S5_65116186 5 65116186 4.79E-05 0.10 1760 0.35 0.36 0.036 GRMZM2G313341 Spc97 / Spc98 family 
of spindle pole body 
(SBP) component  




S5_65116188 5 65116188 4.79E-05 0.10 1760 0.35 0.36 0.036 GRMZM2G057000 (CBB1,DIM,DIM1,D
WF1,EVE1): cell 
elongation protein / 
DWARF1 / 
DIMINUTO (DIM)  
S5_65116188 5 65116188 4.79E-05 0.10 1760 0.35 0.36 0.036 GRMZM2G313341 Spc97 / Spc98 family 
of spindle pole body 
(SBP) component  





















Genes within 10 Kp 
of SNP Annotation 
S5_65116189 5 65116189 4.79E-05 0.10 1760 0.35 0.36 0.036 GRMZM2G057000 (CBB1,DIM,DIM1,D
WF1,EVE1): cell 
elongation protein / 
DWARF1 / 
DIMINUTO (DIM)  
S5_65116189 5 65116189 4.79E-05 0.10 1760 0.35 0.36 0.036 GRMZM2G313341 Spc97 / Spc98 family 
of spindle pole body 
(SBP) component  




S5_65124214 5 65124214 1.80E-05 0.08 1760 0.35 0.36 0.026 GRMZM2G057000 (CBB1,DIM,DIM1,D
WF1,EVE1): cell 
elongation protein / 
DWARF1 / 
DIMINUTO (DIM)  
S5_65124214 5 65124214 1.80E-05 0.08 1760 0.35 0.36 0.026 GRMZM2G313341 Spc97 / Spc98 family 
of spindle pole body 
(SBP) component  




S5_65222573 5 65222573 3.09E-05 0.43 1760 0.35 0.36 0.030 GRMZM2G131988 lysine ketoglutarate 
reductase trans-
splicing related 1, 
putative, expressed  
S5_65222573 5 65222573 3.09E-05 0.43 1760 0.35 0.36 0.030 GRMZM2G132060 proline-rich 
spliceosome-
associated (PSP) 


















Genes within 10 Kp 
of SNP Annotation 
S5_65222594 5 65222594 3.09E-05 0.43 1760 0.35 0.36 0.030 GRMZM2G131988 lysine ketoglutarate 
reductase trans-
splicing related 1, 
putative, expressed  
S5_65222594 5 65222594 3.09E-05 0.43 1760 0.35 0.36 0.030 GRMZM2G132060 proline-rich 
spliceosome-
associated (PSP) 
family protein  
S5_65222604 5 65222604 3.09E-05 0.43 1760 0.35 0.36 0.030 GRMZM2G131988 lysine ketoglutarate 
reductase trans-
splicing related 1, 
putative, expressed  
S5_65222604 5 65222604 3.09E-05 0.43 1760 0.35 0.36 0.030 GRMZM2G132060 proline-rich 
spliceosome-
associated (PSP) 
family protein  
S5_65420665 5 65420665 7.42E-05 0.48 1760 0.35 0.36 0.043 GRMZM2G112805 Clathrin light chain 
protein  
S5_65420665 5 65420665 7.42E-05 0.48 1760 0.35 0.36 0.043 GRMZM2G466292 Transcription factor 
jumonji (jmj) family 
protein / zinc finger 
(C5HC2 type) family 
protein  
S5_65438199 5 65438199 5.70E-05 0.08 1760 0.35 0.36 0.039 GRMZM2G466292 Transcription factor 
jumonji (jmj) family 
protein / zinc finger 
(C5HC2 type) family 
protein  





















Genes within 10 Kp 
of SNP Annotation 
S5_65450363 5 65450363 3.67E-05 0.08 1760 0.35 0.36 0.033 GRMZM2G165351 (ATSPPL2,SPPL2): 
SIGNAL PEPTIDE 
PEPTIDASE-LIKE 2  




S5_65457522 5 65457522 1.38E-05 0.28 1760 0.35 0.36 0.024 GRMZM2G165351 (ATSPPL2,SPPL2): 
SIGNAL PEPTIDE 
PEPTIDASE-LIKE 2  




S5_66038095 5 66038095 9.92E-05 0.22 1760 0.35 0.36 0.048 GRMZM2G033829 (ATPDI2,ATPDIL1-
4,PDI2,PDIL1-4): 
PDI-like 1-4  
S5_66038095 5 66038095 9.92E-05 0.22 1760 0.35 0.36 0.048 GRMZM2G034143 (UKL4): uridine 
kinase-like 4  
S5_68405850 5 68405850 2.97E-05 0.47 1760 0.35 0.36 0.030 AC215811.3_FG003  B-box type zinc 
finger protein with 
CCT domain  
S5_68405850 5 68405850 2.97E-05 0.47 1760 0.35 0.36 0.030 GRMZM2G074957 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S5_68405852 5 68405852 2.97E-05 0.47 1760 0.35 0.36 0.030 AC215811.3_FG003  B-box type zinc 
finger protein with 
CCT domain  
S5_68405852 5 68405852 2.97E-05 0.47 1760 0.35 0.36 0.030 GRMZM2G074956 LOC_Os02g01970.1: 
expressed protein  


















Genes within 10 Kp 
of SNP Annotation 
S5_68405852 5 68405852 2.97E-05 0.47 1760 0.35 0.36 0.030 GRMZM2G074957 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S5_68422121 5 68422121 5.65E-07 0.15 1760 0.35 0.36 0.008 GRMZM2G074896 Glycosyltransferase 
family 61 protein  
S5_68422121 5 68422121 5.65E-07 0.15 1760 0.35 0.36 0.008 GRMZM2G074805 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S5_68422128 5 68422128 6.08E-07 0.15 1760 0.35 0.36 0.008 GRMZM2G074896  Glycosyltransferase 
family 61 protein  
S5_68422128 5 68422128 6.08E-07 0.15 1760 0.35 0.36 0.008 GRMZM2G074805 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S5_68422150 5 68422150 6.61E-05 0.20 1760 0.35 0.36 0.042 GRMZM2G074896 Glycosyltransferase 
family 61 protein  
S5_68422150 5 68422150 6.61E-05 0.20 1760 0.35 0.36 0.042 GRMZM2G074805 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S5_68422159 5 68422159 5.65E-07 0.15 1760 0.35 0.36 0.008 GRMZM2G074896 Glycosyltransferase 
family 61 protein  
S5_68422159 5 68422159 5.65E-07 0.15 1760 0.35 0.36 0.008 GRMZM2G074805 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S5_68423010 5 68423010 7.89E-06 0.09 1760 0.35 0.36 0.020 GRMZM2G074896 Glycosyltransferase 
family 61 protein  
S5_68423010 5 68423010 7.89E-06 0.09 1760 0.35 0.36 0.020 GRMZM2G074805 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S5_68423966 5 68423966 6.26E-06 0.09 1760 0.35 0.36 0.019 GRMZM2G074896 Glycosyltransferase 
family 61 protein  


















Genes within 10 Kp 
of SNP Annotation 
S5_68423966 5 68423966 6.26E-06 0.09 1760 0.35 0.36 0.019 GRMZM2G074805 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  




S5_68517421 5 68517421 1.37E-06 0.25 1760 0.35 0.36 0.011 GRMZM2G063897 (NCRK): Protein 
kinase superfamily 
protein  
S5_68517421 5 68517421 1.37E-06 0.25 1760 0.35 0.36 0.011 GRMZM2G000937 Alg9-like 
mannosyltransferas
e family  




S5_68523847 5 68523847 1.50E-05 0.33 1760 0.35 0.36 0.024 GRMZM2G063897 (NCRK): Protein 
kinase superfamily 
protein  
S5_68523847 5 68523847 1.50E-05 0.33 1760 0.35 0.36 0.024 GRMZM2G000937  Alg9-like 
mannosyltransferas
e family  




S5_68528175 5 68528175 2.62E-07 0.26 1760 0.35 0.36 0.007 GRMZM2G000937 Alg9-like 
mannosyltransferas
e family  


















Genes within 10 Kp 
of SNP Annotation 




S5_68528463 5 68528463 2.94E-05 0.24 1760 0.35 0.36 0.030 GRMZM2G000937 Alg9-like 
mannosyltransferas
e family  
S5_69098216 5 69098216 3.28E-05 0.08 1760 0.35 0.36 0.031 GRMZM2G020146 (CPY,SCPL49): 
SERINE 
CARBOXYPEPTIDASE
-LIKE 49  
S5_69102182 5 69102182 9.25E-07 0.08 1760 0.35 0.36 0.010 GRMZM2G020146 (CPY,SCPL49): 
SERINE 
CARBOXYPEPTIDASE
-LIKE 49  
S5_69103411 5 69103411 2.87E-05 0.10 1760 0.35 0.36 0.030 GRMZM2G020146 (CPY,SCPL49): 
SERINE 
CARBOXYPEPTIDASE
-LIKE 49  
S5_69303599 5 69303599 4.99E-05 0.14 1760 0.35 0.36 0.037 GRMZM2G088189 (ATMYB86,MYB86): 
myb domain protein 
86 
S5_69303599 5 69303599 4.99E-05 0.14 1760 0.35 0.36 0.037 GRMZM2G088114 Nucleic acid-
binding, OB-fold-like 
protein  
S5_69303599 5 69303599 4.99E-05 0.14 1760 0.35 0.36 0.037 GRMZM2G389155 Transducin/WD40 
repeat-like 
superfamily protein  
S5_69306720 5 69306720 6.63E-05 0.13 1760 0.35 0.36 0.042 GRMZM2G088189 (ATMYB86,MYB86): 



















Genes within 10 Kp 
of SNP Annotation 
S5_69306720 5 69306720 6.63E-05 0.13 1760 0.35 0.36 0.042 GRMZM2G088114 Nucleic acid-
binding, OB-fold-like 
protein  
S5_69306720 5 69306720 6.63E-05 0.13 1760 0.35 0.36 0.042 GRMZM2G389155 Transducin/WD40 
repeat-like 
superfamily protein  
S5_144284526 5 144284526 1.00E-04 0.11 1760 0.35 0.36 0.048 GRMZM2G049390 (PFD6): prefoldin 6  
S5_186283488 5 186283488 2.69E-05 0.13 1760 0.35 0.36 0.029 GRMZM2G014560 (WAK5): wall 
associated kinase 5  
S5_186283527 5 186283527 9.95E-05 0.12 1760 0.35 0.36 0.048 GRMZM2G014560 (WAK5): wall 
associated kinase 5  
S5_186283633 5 186283633 2.53E-05 0.13 1760 0.35 0.36 0.029 GRMZM2G014560 (WAK5): wall 
associated kinase 5  
S5_186283676 5 186283676 2.53E-05 0.13 1760 0.35 0.36 0.029 GRMZM2G014560 (WAK5): wall 
associated kinase 5  
S5_186413892 5 186413892 8.90E-05 0.12 1760 0.35 0.36 0.047 GRMZM2G095904 (ATMYB15,ATY19,M
YB15): myb domain 
protein 15 
S5_188652207 5 188652207 2.51E-05 0.35 1760 0.35 0.36 0.029 GRMZM2G139803 (FTRA2): 
ferredoxin/thioredo
xin reductase 
subunit A (variable 
subunit) 2  
S5_188652207 5 188652207 2.51E-05 0.35 1760 0.35 0.36 0.029 GRMZM2G139773 Endosomal targeting 
BRO1-like domain-
containing protein  
S5_188652207 5 188652207 2.51E-05 0.35 1760 0.35 0.36 0.029 GRMZM2G139855 hydroxyproline-rich 
glycoprotein family 
protein  



















Genes within 10 Kp 
of SNP Annotation 
S5_188759802 5 188759802 7.18E-05 0.08 1760 0.35 0.36 0.043 GRMZM2G588223 (ATCPL1,CPL1,FRY2): 
C-terminal domain 
phosphatase-like 1  
S5_188759802 5 188759802 7.18E-05 0.08 1760 0.35 0.36 0.043 GRMZM2G073250 Protein kinase 
superfamily protein  
S5_191625992 5 191625992 5.34E-05 0.47 1760 0.35 0.36 0.037 GRMZM2G056889 hydroxyproline-rich 
glycoprotein family 
protein  
S5_191625992 5 191625992 5.34E-05 0.47 1760 0.35 0.36 0.037 GRMZM2G056903 Protein kinase 
superfamily protein  




and protein kinase 
C) kinase family 
protein  
S5_193537504 5 193537504 1.08E-04 0.12 1760 0.35 0.36 0.050 GRMZM2G165530 Major facilitator 
superfamily protein  
S5_202819416 5 202819416 6.34E-05 0.21 1760 0.35 0.36 0.041 GRMZM2G180926 (XCP1): xylem 
cysteine peptidase 1  
S5_202819416 5 202819416 6.34E-05 0.21 1760 0.35 0.36 0.041 GRMZM2G180922 NAD(P)-binding 
Rossmann-fold 
superfamily protein  
S5_202819416 5 202819416 6.34E-05 0.21 1760 0.35 0.36 0.041 GRMZM2G180930 Phosphoribosyltrans
ferase family 
protein  
S5_203035040 5 203035040 4.71E-06 0.28 1760 0.35 0.36 0.016 GRMZM2G056252 (FAD2): fatty acid 
desaturase 2  



















Genes within 10 Kp 
of SNP Annotation 
S5_204229636 5 204229636 8.77E-05 0.14 1760 0.35 0.36 0.047 GRMZM2G000280 Sucrase/ferredoxin-
like family protein  




S5_204800054 5 204800054 3.24E-05 0.36 1760 0.35 0.36 0.031 GRMZM2G075223 Fcf2 pre-rRNA 
processing protein  
S5_204800054 5 204800054 3.24E-05 0.36 1760 0.35 0.36 0.031 GRMZM2G075260 NHL domain-
containing protein  
S5_204876427 5 204876427 8.03E-06 0.19 1760 0.35 0.36 0.020 GRMZM2G175875 Ribosomal protein 
L17 family protein  
S5_213365813 5 213365813 8.30E-05 0.14 1760 0.35 0.36 0.046 GRMZM2G119691 Translation initiation 
factor 3 protein  
S5_216602052 5 216602052 9.59E-05 0.40 1760 0.35 0.36 0.048 GRMZM2G445944 TCP family 
transcription factor  
S5_216602052 5 216602052 9.59E-05 0.40 1760 0.35 0.36 0.048 GRMZM2G145128 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S5_216602451 5 216602451 2.37E-05 0.19 1760 0.35 0.36 0.028 GRMZM2G445944 TCP family 
transcription factor  
S5_216602451 5 216602451 2.37E-05 0.19 1760 0.35 0.36 0.028 GRMZM2G145128 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S5_216693134 5 216693134 2.60E-05 0.17 1760 0.35 0.36 0.029 GRMZM5G842058 (ATBRK1,BRK1,HSPC
300): BRICK1, 
putative  
S5_216693134 5 216693134 2.60E-05 0.17 1760 0.35 0.36 0.029 AC208348.3_FG012 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  


















Genes within 10 Kp 
of SNP Annotation 
S5_216693134 5 216693134 2.60E-05 0.17 1760 0.35 0.36 0.029 GRMZM2G133919 Zincin-like 
metalloproteases 
family protein  
S5_217372609 5 217372609 7.45E-05 0.24 1760 0.35 0.36 0.043 GRMZM5G840560 (ATGSL12,gsl12): 
glucan synthase-like 
12 
S5_217609250 5 217609250 7.61E-05 0.39 1760 0.35 0.36 0.044 GRMZM2G375002 (ARAC3,ATROP6,RA
C3,RHO1PS,ROP6): 
RAC-like 3  
S5_217609250 5 217609250 7.61E-05 0.39 1760 0.35 0.36 0.044 GRMZM2G077531 (ATSULA,GC1,SULA): 
NAD(P)-binding 
Rossmann-fold 
superfamily protein  
S5_217609250 5 217609250 7.61E-05 0.39 1760 0.35 0.36 0.044 GRMZM2G073609 ferredoxin-related  
S6_4609502 6 4609502 7.45E-05 0.15 1760 0.35 0.36 0.043 GRMZM2G032315 60S acidic ribosomal 
protein family  
S6_6077100 6 6077100 5.51E-06 0.36 1760 0.35 0.36 0.017 GRMZM2G064174 (ATEXP11,ATEXPA11
,ATHEXP ALPHA 
1.14,EXP11,EXPA11)
: expansin 11  
S6_24608229 6 24608229 7.77E-05 0.34 1760 0.35 0.36 0.044 GRMZM2G036908 (ATMTPA1,MTPA1): 
Cation efflux family 
protein  
S6_31649787 6 31649787 6.61E-06 0.37 1760 0.35 0.36 0.019 GRMZM2G025959 Mannose-binding 
lectin superfamily 
protein  
S6_34441673 6 34441673 1.22E-05 0.25 1760 0.35 0.36 0.024 GRMZM2G034598 (ATHEX2,HEXO1): 
beta-
hexosaminidase 1  
           


















Genes within 10 Kp 
of SNP Annotation 
S6_34441673 6 34441673 1.22E-05 0.25 1760 0.35 0.36 0.024 GRMZM2G035502 (DHAR2): 
dehydroascorbate 
reductase 2  
S6_34441673 6 34441673 1.22E-05 0.25 1760 0.35 0.36 0.024 GRMZM2G034724 RmlC-like cupins 
superfamily protein  
S6_34441700 6 34441700 1.22E-05 0.25 1760 0.35 0.36 0.024 GRMZM2G034598 (ATHEX2,HEXO1): 
beta-
hexosaminidase 1  
S6_34441700 6 34441700 1.22E-05 0.25 1760 0.35 0.36 0.024 GRMZM2G035502 (DHAR2): 
dehydroascorbate 
reductase 2  
S6_34441700 6 34441700 1.22E-05 0.25 1760 0.35 0.36 0.024 GRMZM2G034724  RmlC-like cupins 
superfamily protein  
S6_103857835 6 103857835 2.73E-05 0.13 1760 0.35 0.36 0.029 GRMZM2G335618 (ATGSTU25,GSTU25)
: glutathione S-
transferase TAU 25  
S6_104674381 6 104674381 7.93E-05 0.17 1760 0.35 0.36 0.045 GRMZM2G151015 (GAUT11): 
galacturonosyltransf
erase 11  
S6_104674381 6 104674381 7.93E-05 0.17 1760 0.35 0.36 0.045 GRMZM2G449817 Protein kinase 
family protein with 
leucine-rich repeat 
domain  
S6_104756165 6 104756165 8.61E-05 0.23 1760 0.35 0.36 0.046 GRMZM2G103526  HAD superfamily, 
subfamily IIIB acid 
phosphatase  
S6_104756175 6 104756175 8.61E-05 0.23 1760 0.35 0.36 0.046 GRMZM2G103526 HAD superfamily, 
subfamily IIIB acid 
phosphatase  
S6_104759143 6 104759143 1.08E-04 0.24 1760 0.35 0.36 0.050 GRMZM2G103526 HAD superfamily, 



















Genes within 10 Kp 
of SNP Annotation 
S6_108065144 6 108065144 1.10E-04 0.13 1760 0.35 0.36 0.050 GRMZM2G120371 (GCR1): G-protein-
coupled receptor 1  
S6_108065144 6 108065144 1.10E-04 0.13 1760 0.35 0.36 0.050 GRMZM2G373435 Protein kinase 
superfamily protein  
S6_108065144 6 108065144 1.10E-04 0.13 1760 0.35 0.36 0.050 GRMZM2G073150 Ribosomal S17 
family protein  
S6_120136158 6 120136158 1.87E-05 0.43 1760 0.35 0.36 0.026 GRMZM2G036564 Ankyrin repeat 
family protein  




superfamily protein  
S6_133817345 6 133817345 5.80E-05 0.36 1760 0.35 0.36 0.039 GRMZM2G476886 (LHT1): lysine 
histidine transporter 
1 
S6_133817345 6 133817345 5.80E-05 0.36 1760 0.35 0.36 0.039 GRMZM2G176655 Plant regulator 
RWP-RK family 
protein  
S6_143959110 6 143959110 1.06E-05 0.29 1760 0.35 0.36 0.023 GRMZM2G308707 glycoside hydrolase 
family 2 protein  
S6_143959110 6 143959110 1.06E-05 0.29 1760 0.35 0.36 0.023 GRMZM5G869788 Glycosyltransferase 
family 61 protein  
S6_143959140 6 143959140 4.61E-06 0.37 1760 0.35 0.36 0.016 GRMZM2G308707 glycoside hydrolase 
family 2 protein  
S6_143959140 6 143959140 4.61E-06 0.37 1760 0.35 0.36 0.016 GRMZM5G869788 Glycosyltransferase 
family 61 protein  
S6_144125412 6 144125412 6.03E-05 0.41 1760 0.35 0.36 0.040 GRMZM2G427337 glycine-rich protein  
           
           


















Genes within 10 Kp 
of SNP Annotation 
S6_147880305 6 147880305 9.77E-05 0.37 1760 0.35 0.36 0.048 GRMZM2G180328 (ANAC002,ATAF1): 




superfamily protein  
S6_147880305 6 147880305 9.77E-05 0.37 1760 0.35 0.36 0.048 GRMZM2G018971 DUF803 domain 
containing, putative, 
expressed  
S6_147880305 6 147880305 9.77E-05 0.37 1760 0.35 0.36 0.048 GRMZM2G456512 Protein of unknown 
function (DUF630 
and DUF632) 
S6_147880323 6 147880323 9.77E-05 0.37 1760 0.35 0.36 0.048 GRMZM2G180328 (ANAC002,ATAF1): 




superfamily protein  
S6_147880323 6 147880323 9.77E-05 0.37 1760 0.35 0.36 0.048 GRMZM2G018971 DUF803 domain 
containing, putative, 
expressed  
S6_147880323 6 147880323 9.77E-05 0.37 1760 0.35 0.36 0.048 GRMZM2G456512 Protein of unknown 
function (DUF630 
and DUF632) 
























Genes within 10 Kp 
of SNP Annotation 




S6_147888459 6 147888459 4.28E-06 0.22 1760 0.35 0.36 0.016 GRMZM2G018971 DUF803 domain 
containing, putative, 
expressed  




S6_159013906 6 159013906 7.90E-05 0.20 1760 0.35 0.36 0.045 GRMZM2G127680  (ATOFP2,OFP2): 
ovate family protein 
2 
S6_159013906 6 159013906 7.90E-05 0.20 1760 0.35 0.36 0.045 GRMZM2G127648 (ATRABA1B,RAB11,R
ABA1b): RAB GTPase 
homolog A1B  
S6_161894988 6 161894988 9.88E-05 0.18 1760 0.35 0.36 0.048 GRMZM2G093441 alpha/beta-
Hydrolases 
superfamily protein  
S6_161894988 6 161894988 9.88E-05 0.18 1760 0.35 0.36 0.048 GRMZM2G093422 Cyclin/Brf1-like TBP-
binding protein  
S6_161894988 6 161894988 9.88E-05 0.18 1760 0.35 0.36 0.048 GRMZM2G093503 fiber protein Fb11, 
putative, expressed  
S6_162009932 6 162009932 4.37E-05 0.20 1760 0.35 0.36 0.035 GRMZM2G079263 Pectin lyase-like 
superfamily protein  
S6_162009932 6 162009932 4.37E-05 0.20 1760 0.35 0.36 0.035 GRMZM2G079617 Pectin lyase-like 
superfamily protein  
S6_162561913 6 162561913 7.44E-06 0.11 1760 0.35 0.36 0.020 GRMZM2G059845 (ATGUT1,GUT2,IRX1



















Genes within 10 Kp 
of SNP Annotation 
S6_162561913 6 162561913 7.44E-06 0.11 1760 0.35 0.36 0.020 GRMZM2G059939 (EDF4,RAV1): 
related to ABI3/VP1 
1 
S6_162561913 6 162561913 7.44E-06 0.11 1760 0.35 0.36 0.020 GRMZM2G059825 (GUT1): Exostosin 
family protein  




family protein  
S6_162563498 6 162563498 4.45E-05 0.37 1760 0.35 0.36 0.035 GRMZM2G059845 (ATGUT1,GUT2,IRX1
0): Exostosin family 
protein  
S6_162563498 6 162563498 4.45E-05 0.37 1760 0.35 0.36 0.035 GRMZM2G059939 (EDF2,RAP2.8,RAV2,
TEM2): related to 
ABI3/VP1 2  
S6_162563498 6 162563498 4.45E-05 0.37 1760 0.35 0.36 0.035 GRMZM2G059825 (GUT1): Exostosin 
family protein  
S6_162563507 6 162563507 4.00E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G059845 (ATGUT1,GUT2,IRX1
0): Exostosin family 
protein  
S6_162563507 6 162563507 4.00E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G059939 (EDF2,RAP2.8,RAV2,
TEM2): related to 
ABI3/VP1 2  
S6_162563507 6 162563507 4.00E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G059825 (GUT1): Exostosin 
family protein  
S6_162563514 6 162563514 4.00E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G059845 (ATGUT1,GUT2,IRX1
0): Exostosin family 
protein  
S6_162563514 6 162563514 4.00E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G059939 (EDF2,RAP2.8,RAV2,
TEM2): related to 


















Genes within 10 Kp 
of SNP Annotation 
S6_162563514 6 162563514 4.00E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G059825 (GUT1): Exostosin 
family protein  




superfamily protein  
S6_162882956 6 162882956 1.55E-05 0.06 1760 0.35 0.36 0.025 GRMZM2G037998 Galactosyltransferas
e family protein  
S6_164364329 6 164364329 6.02E-05 0.08 1760 0.35 0.36 0.040 GRMZM2G038284 Drought-responsive 
family protein  
S6_164364329 6 164364329 6.02E-05 0.08 1760 0.35 0.36 0.040 GRMZM2G038183 Protein of unknown 
function (DUF1421)  
S6_164369713 6 164369713 1.33E-05 0.13 1760 0.35 0.36 0.024 GRMZM2G039886 DNAJ heat shock 
family protein  
S6_164369713 6 164369713 1.33E-05 0.13 1760 0.35 0.36 0.024 GRMZM2G038284 Drought-responsive 
family protein  
S6_164369713 6 164369713 1.33E-05 0.13 1760 0.35 0.36 0.024 GRMZM2G038183 Protein of unknown 
function (DUF1421)  
S6_165981766 6 165981766 6.76E-05 0.36 1760 0.35 0.36 0.042 GRMZM5G893630 DUF617 domain 
containing protein, 
expressed  
S6_165981766 6 165981766 6.76E-05 0.36 1760 0.35 0.36 0.042 GRMZM5G847466 EF hand calcium-
binding protein 
family  
S7_126162868 7 126162868 1.09E-04 0.15 1760 0.35 0.36 0.050 GRMZM2G096268 (ATFT1,ATFUT1,FT1,
MUR2): 
fucosyltransferase 1  




















Genes within 10 Kp 
of SNP Annotation 
S7_133381306 7 133381306 6.25E-05 0.10 1760 0.35 0.36 0.041 GRMZM2G103783 DNA-binding 
bromodomain-
containing protein  
S7_137515785 7 137515785 1.82E-05 0.15 1760 0.35 0.36 0.026 GRMZM2G066202 (AIR12): auxin-
responsive family 
protein  
S7_137515785 7 137515785 1.82E-05 0.15 1760 0.35 0.36 0.026 GRMZM2G066219 Auxin-responsive 
family protein  
S7_137515785 7 137515785 1.82E-05 0.15 1760 0.35 0.36 0.026 GRMZM2G102181 DNA topoisomerase, 
type IA, core 
S7_137515785 7 137515785 1.82E-05 0.15 1760 0.35 0.36 0.026 GRMZM2G065868 Ribosomal protein 
L32e  
S7_145385488 7 145385488 6.14E-05 0.46 1760 0.35 0.36 0.040 GRMZM2G318849 ARM repeat 
superfamily protein  
S7_157381776 7 157381776 2.57E-05 0.14 1760 0.35 0.36 0.029 GRMZM5G872502 uncharacterized 
secreted protein, 
putative, expressed  
S7_158750056 7 158750056 1.30E-05 0.16 1760 0.35 0.36 0.024 GRMZM2G333980 (ATPGIP1,PGIP1): 
polygalacturonase 
inhibiting protein 1 
S7_158750056 7 158750056 1.30E-05 0.16 1760 0.35 0.36 0.024 GRMZM2G028086 (CPK7): calmodulin-
domain protein 
kinase 7  
S7_158750071 7 158750071 9.65E-06 0.16 1760 0.35 0.36 0.023 GRMZM2G333980 (ATPGIP1,PGIP1): 
polygalacturonase 
inhibiting protein 1  
S7_158750071 7 158750071 9.65E-06 0.16 1760 0.35 0.36 0.023 GRMZM2G028086 (CPK7): calmodulin-
domain protein 
kinase 7  
S7_160215587 7 160215587 9.07E-05 0.18 1760 0.35 0.36 0.047 GRMZM2G374971 (ATOSM34,OSM34): 


















Genes within 10 Kp 
of SNP Annotation 
S7_160215587 7 160215587 9.07E-05 0.18 1760 0.35 0.36 0.047 GRMZM2G374969 Transducin/WD40 
repeat-like 
superfamily protein  
S7_164079269 7 164079269 1.76E-05 0.45 1760 0.35 0.36 0.026 GRMZM2G136918 (PGL1): 6-
phosphogluconolact
onase 1  
S7_164079269 7 164079269 1.76E-05 0.45 1760 0.35 0.36 0.026 GRMZM2G136884 Eukaryotic aspartyl 
protease family 
protein  
S7_164079269 7 164079269 1.76E-05 0.45 1760 0.35 0.36 0.026 GRMZM2G136872 Xanthine/uracil 
permease family 
protein  
S7_165199390 7 165199390 4.23E-05 0.13 1760 0.35 0.36 0.035 GRMZM2G417072 (AT-
RSH3,ATRSH3,RSH3)
: RELA/SPOT 
homolog 3  
S7_165199390 7 165199390 4.23E-05 0.13 1760 0.35 0.36 0.035 GRMZM2G116426 alpha/beta-
Hydrolases 
superfamily protein  
S7_165242462 7 165242462 7.76E-06 0.17 1760 0.35 0.36 0.020 GRMZM2G030578 (PSD): ARM repeat 
superfamily protein  
S7_165242462 7 165242462 7.76E-06 0.17 1760 0.35 0.36 0.020 GRMZM2G030731 Ribosomal protein 
L18e/L15 
superfamily protein  
S7_165242464 7 165242464 7.76E-06 0.17 1760 0.35 0.36 0.020 GRMZM2G030578 (PSD): ARM repeat 
superfamily protein  
S7_165242464 7 165242464 7.76E-06 0.17 1760 0.35 0.36 0.020 GRMZM2G030731 Ribosomal protein 
L18e/L15 
superfamily protein  
S7_165300999 7 165300999 2.15E-05 0.13 1760 0.35 0.36 0.027 GRMZM2G127031 Protein kinase 


















Genes within 10 Kp 
of SNP Annotation 
S7_167944449 7 167944449 7.15E-06 0.36 1760 0.35 0.36 0.020 GRMZM5G867185 (ATSCL33,SCL33,SR3
3): SC35-like splicing 
factor 33  
S7_167944449 7 167944449 7.15E-06 0.36 1760 0.35 0.36 0.020 GRMZM2G060511  Mitochondrial 
ribosomal protein 
L37  
S7_168289936 7 168289936 1.35E-05 0.08 1760 0.35 0.36 0.024 GRMZM2G150841 (ATMYB86,MYB86): 
myb domain protein 
86 
S7_168290069 7 168290069 4.07E-05 0.17 1760 0.35 0.36 0.034 GRMZM2G150841 (ATMYB86,MYB86): 
myb domain protein 
86 




S7_168399484 7 168399484 3.52E-05 0.32 1760 0.35 0.36 0.032 GRMZM2G177715 (OTP84): 
Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S7_168399484 7 168399484 3.52E-05 0.32 1760 0.35 0.36 0.032 GRMZM2G477325 (RCI2A): Low 
temperature and 
salt responsive 
protein family  
S7_168399484 7 168399484 3.52E-05 0.32 1760 0.35 0.36 0.032 GRMZM2G082318 : transcription 
regulator, putative, 
expressed  





















Genes within 10 Kp 
of SNP Annotation 
S7_168399576 7 168399576 4.70E-06 0.26 1760 0.35 0.36 0.016 GRMZM2G177715 (OTP84): 
Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S7_168399576 7 168399576 4.70E-06 0.26 1760 0.35 0.36 0.016 GRMZM2G477325 (RCI2A): Low 
temperature and 
salt responsive 
protein family  
S7_168399576 7 168399576 4.70E-06 0.26 1760 0.35 0.36 0.016 GRMZM2G082318 transcription 
regulator, putative, 
expressed  




S7_168404877 7 168404877 8.96E-05 0.18 1760 0.35 0.36 0.047 GRMZM2G477325 (RCI2A): Low 
temperature and 
salt responsive 
protein family  





S7_169452418 7 169452418 3.81E-05 0.29 1760 0.35 0.36 0.033 GRMZM2G120954 plectin-related  




S7_169455943 7 169455943 3.12E-05 0.34 1760 0.35 0.36 0.030 GRMZM2G120954 plectin-related  


















Genes within 10 Kp 
of SNP Annotation 




S7_169534765 7 169534765 7.83E-06 0.41 1760 0.35 0.36 0.020 GRMZM2G130398 (PAG1): 20S 
proteasome alpha 
subunit G1  
S7_169534766 7 169534766 7.83E-06 0.41 1760 0.35 0.36 0.020 GRMZM2G130398 (PAG1): 20S 
proteasome alpha 
subunit G1  
S7_169534864 7 169534864 1.05E-05 0.31 1760 0.35 0.36 0.023 GRMZM2G130398 (PAG1): 20S 
proteasome alpha 
subunit G1 
S7_169969340 7 169969340 2.44E-05 0.17 1760 0.35 0.36 0.028 GRMZM2G003172 ATP12 protein-
related  
S7_170835678 7 170835678 4.35E-05 0.17 1760 0.35 0.36 0.035 GRMZM2G136580 Glycosyltransferase 
family 61 protein  
S7_170835678 7 170835678 4.35E-05 0.17 1760 0.35 0.36 0.035 GRMZM2G136578 TRAF-type zinc 
finger-related  
S7_171046910 7 171046910 3.73E-05 0.12 1760 0.35 0.36 0.033 GRMZM2G031298 ankyrin repeat 
family protein  
S7_171046910 7 171046910 3.73E-05 0.12 1760 0.35 0.36 0.033 GRMZM2G326270 Haloacid 
dehalogenase-like 
hydrolase (HAD) 
superfamily protein  
S7_171046910 7 171046910 3.73E-05 0.12 1760 0.35 0.36 0.033 GRMZM2G326263 Pentatricopeptide 
repeat (PPR-like) 
superfamily protein  





















Genes within 10 Kp 
of SNP Annotation 




















S7_172743650 7 172743650 4.51E-05 0.17 1760 0.35 0.36 0.035 GRMZM2G025441 Peroxidase 
superfamily protein  





S7_172979391 7 172979391 8.43E-05 0.45 1760 0.35 0.36 0.046 GRMZM5G845472 (ATOFP3,OFP3): 
ovate family protein 
3 



















Genes within 10 Kp 
of SNP Annotation 
S7_172979774 7 172979774 5.30E-05 0.23 1760 0.35 0.36 0.037 GRMZM5G845472 (ATOFP3,OFP3): 
ovate family protein 
3 
S7_172979774 7 172979774 5.30E-05 0.23 1760 0.35 0.36 0.037 GRMZM2G053554 Melibiase family 
protein  
S7_174512457 7 174512457 4.33E-05 0.45 1760 0.35 0.36 0.035 GRMZM2G113056 (LON1,LON_ARA_AR
A): lon protease 1  
S7_174512457 7 174512457 4.33E-05 0.45 1760 0.35 0.36 0.035 GRMZM2G113052 cAMP-regulated 
phosphoprotein 19-
related protein  




S7_174512457 7 174512457 4.33E-05 0.45 1760 0.35 0.36 0.035 GRMZM2G414141 transcription 
coactivators  
S7_174512457 7 174512457 4.33E-05 0.45 1760 0.35 0.36 0.035 GRMZM2G113039 zinc finger (C3HC4-
type RING finger) 
family protein  
S7_174512510 7 174512510 3.48E-05 0.43 1760 0.35 0.36 0.032 GRMZM2G113056 (LON1,LON_ARA_AR
A): lon protease 1  
S7_174512510 7 174512510 3.48E-05 0.43 1760 0.35 0.36 0.032 GRMZM2G113052 cAMP-regulated 
phosphoprotein 19-
related protein  




S7_174512510 7 174512510 3.48E-05 0.43 1760 0.35 0.36 0.032 GRMZM2G414141 transcription 
coactivators  


















Genes within 10 Kp 
of SNP Annotation 
S7_174512510 7 174512510 3.48E-05 0.43 1760 0.35 0.36 0.032 GRMZM2G113039 zinc finger (C3HC4-
type RING finger) 
family protein  
S7_174512525 7 174512525 3.39E-05 0.47 1760 0.35 0.36 0.032 GRMZM2G113056   
(LON1,LON_ARA_AR
A): lon protease 1  
S7_174512525 7 174512525 3.39E-05 0.47 1760 0.35 0.36 0.032 GRMZM2G113052 cAMP-regulated 
phosphoprotein 19-
related protein  




S7_174512525 7 174512525 3.39E-05 0.47 1760 0.35 0.36 0.032 GRMZM2G414141 transcription 
coactivators  
S7_174512525 7 174512525 3.39E-05 0.47 1760 0.35 0.36 0.032 GRMZM2G113039 zinc finger (C3HC4-
type RING finger) 
family protein  
S8_6511776 8 6511776 7.83E-07 0.22 1760 0.35 0.36 0.009 GRMZM2G044636 (CYP72A9): 
cytochrome P450, 
family 72, subfamily 
A, polypeptide 9  
S8_6511776 8 6511776 7.83E-07 0.22 1760 0.35 0.36 0.009 GRMZM2G044553 rRNA processing 
protein-related  




interacting factor 1  
S8_35002833 8 35002833 9.28E-05 0.08 1760 0.35 0.36 0.047 GRMZM2G331566 (AtGH9B13,GH9B13)



















Genes within 10 Kp 
of SNP Annotation 
S8_67972290 8 67972290 1.39E-05 0.11 1760 0.35 0.36 0.024 GRMZM2G399338 (ATBET10,BET10): 
bromodomain and 
extraterminal 
domain protein 10  
S8_68087117 8 68087117 9.29E-05 0.08 1760 0.35 0.36 0.047 GRMZM2G573324 (IAA8): indoleacetic 
acid-induced protein 
8 
S8_68087411 8 68087411 1.60E-05 0.09 1760 0.35 0.36 0.025 GRMZM2G573324 (IAA8): indoleacetic 
acid-induced protein 
8 
S8_72745120 8 72745120 5.73E-05 0.10 1760 0.35 0.36 0.039 AC234185.1_FG004  CTP synthase family 
protein  
S8_73852614 8 73852614 9.47E-05 0.38 1760 0.35 0.36 0.048 GRMZM2G001991 NAD(P)-binding 
Rossmann-fold 
superfamily protein  
S8_73852614 8 73852614 9.47E-05 0.38 1760 0.35 0.36 0.048 GRMZM2G002034 Pectin lyase-like 
superfamily protein  
S8_74138238 8 74138238 8.24E-05 0.06 1760 0.35 0.36 0.046 GRMZM2G328438 (AtHB31,HB31): 
homeobox protein 
31 
S8_74138238 8 74138238 8.24E-05 0.06 1760 0.35 0.36 0.046 GRMZM2G029974 DNA glycosylase 
superfamily protein  
S8_104821067 8 104821067 8.84E-05 0.09 1760 0.35 0.36 0.047 GRMZM2G471600 Homeodomain-like 
superfamily protein  
S8_105571425 8 105571425 6.61E-05 0.08 1760 0.35 0.36 0.042 GRMZM2G080889 CUE domain 
containing protein, 
expressed  





















Genes within 10 Kp 
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S8_116858220 8 116858220 1.61E-06 0.20 1760 0.35 0.36 0.012 GRMZM2G336908 DHBP synthase 
RibB-like alpha/beta 
domain;GTP 
cyclohydrolase II  
S8_116858220 8 116858220 1.61E-06 0.20 1760 0.35 0.36 0.012 GRMZM2G035202 Protein-tyrosine 
phosphatase-like, 
PTPLA  
S8_116858220 8 116858220 1.61E-06 0.20 1760 0.35 0.36 0.012 GRMZM5G883149 SNARE-like 
superfamily protein  
S8_132719065 8 132719065 3.21E-05 0.25 1760 0.35 0.36 0.031 GRMZM2G046520 Mannose-binding 
lectin superfamily 
protein  
S8_132719089 8 132719089 7.62E-06 0.27 1760 0.35 0.36 0.020 GRMZM2G046520 Mannose-binding 
lectin superfamily 
protein  
S8_132719090 8 132719090 7.62E-06 0.27 1760 0.35 0.36 0.020 GRMZM2G046520 Mannose-binding 
lectin superfamily 
protein  
S8_133934643 8 133934643 2.49E-05 0.22 1760 0.35 0.36 0.029 GRMZM2G141922 (XBAT31): XB3 
ortholog 1 in 
Arabidopsis thaliana  
S8_133934643 8 133934643 2.49E-05 0.22 1760 0.35 0.36 0.029 GRMZM2G141873 Pectinacetylesterase 
family protein  





















Genes within 10 Kp 
of SNP Annotation 
S8_149897257 8 149897257 7.42E-06 0.36 1760 0.35 0.36 0.020 GRMZM2G060541 Homeodomain-like 
transcriptional 
regulator  
S8_149897257 8 149897257 7.42E-06 0.36 1760 0.35 0.36 0.020 GRMZM2G359237 Homeodomain-like 
transcriptional 
regulator  
S8_149897257 8 149897257 7.42E-06 0.36 1760 0.35 0.36 0.020 AC196465.3_FG006 Homeodomain-like 
transcriptional 
regulator  
S8_149897257 8 149897257 7.42E-06 0.36 1760 0.35 0.36 0.020 GRMZM2G060516 Pentatricopeptide 
repeat (PPR) 
superfamily protein  
S8_149982616 8 149982616 3.30E-06 0.47 1760 0.35 0.36 0.014 GRMZM2G160990 Protein of unknown 
function (DUF1421)  
S8_149982624 8 149982624 1.28E-05 0.33 1760 0.35 0.36 0.024 GRMZM2G160990 Protein of unknown 
function (DUF1421)  
S8_149982627 8 149982627 1.37E-05 0.33 1760 0.35 0.36 0.024 GRMZM2G160990 Protein of unknown 
function (DUF1421)  
S8_149982630 8 149982630 1.37E-05 0.33 1760 0.35 0.36 0.024 GRMZM2G160990 Protein of unknown 
function (DUF1421)  
S8_149982735 8 149982735 1.05E-05 0.46 1760 0.35 0.36 0.023 GRMZM2G160990 Protein of unknown 
function (DUF1421)  
S8_149982739 8 149982739 1.05E-05 0.46 1760 0.35 0.36 0.023 GRMZM2G160990 Protein of unknown 
function (DUF1421)  
S8_149982761 8 149982761 1.05E-05 0.46 1760 0.35 0.36 0.023 GRMZM2G160990 Protein of unknown 
function (DUF1421)  
S8_149982925 8 149982925 1.16E-05 0.31 1760 0.35 0.36 0.023 GRMZM2G160990 Protein of unknown 
function (DUF1421)  
S8_150040999 8 150040999 7.97E-05 0.43 1760 0.35 0.36 0.045 GRMZM2G160990 Protein of unknown 
function (DUF1421)  


















Genes within 10 Kp 
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S8_156429243 8 156429243 7.35E-05 0.16 1760 0.35 0.36 0.043 GRMZM2G341404 (ATP58IPK,P58IPK): 
homolog of 
mamallian P58IPK  
S8_156429243 8 156429243 7.35E-05 0.16 1760 0.35 0.36 0.043 GRMZM2G341442 (TET6): tetraspanin6  
S8_156429243 8 156429243 7.35E-05 0.16 1760 0.35 0.36 0.043 GRMZM2G045421 Tudor/PWWP/MBT 
superfamily protein  
S8_159890544 8 159890544 3.64E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G002147   ARM repeat 
superfamily protein  
S8_159890544 8 159890544 3.64E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G002304 NAD(P)-binding 
Rossmann-fold 
superfamily protein  
S8_159890544 8 159890544 3.64E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G002135 Phospholipid/glycer
ol acyltransferase 
family protein  
S8_159890544 8 159890544 3.64E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G302045 Protein of unknown 
function (DUF1624)  
S8_159890544 8 159890544 3.64E-06 0.29 1760 0.35 0.36 0.015 GRMZM2G302035 Protein of unknown 
function (DUF567)  
S8_159954535 8 159954535 5.36E-05 0.21 1760 0.35 0.36 0.038 GRMZM2G460581 LEML1 - Anther-
specific LEM1 family 
protein precursor, 
expressed 
S8_160096864 8 160096864 2.76E-05 0.28 1760 0.35 0.36 0.029 GRMZM2G116557 (ARF1-
BP,ARF2,HSS,ORE14
): auxin response 
factor 2  


















Genes within 10 Kp 
of SNP Annotation 
S8_160103448 8 160103448 3.57E-07 0.50 1760 0.35 0.36 0.008 GRMZM2G116557 (ARF1-
BP,ARF2,HSS,ORE14
): auxin response 
factor 2  
S8_160595838 8 160595838 8.14E-05 0.41 1760 0.35 0.36 0.045 GRMZM2G447436 (ATPAL1,PAL1): PHE 
ammonia lyase 1  
S8_160595838 8 160595838 8.14E-05 0.41 1760 0.35 0.36 0.045 GRMZM2G147226 ENTH/VHS family 
protein  
S8_160595838 8 160595838 8.14E-05 0.41 1760 0.35 0.36 0.045 GRMZM2G447406 ENTH/VHS family 
protein  
S8_160595841 8 160595841 8.14E-05 0.41 1760 0.35 0.36 0.045 GRMZM2G447436 (ATPAL1,PAL1): PHE 
ammonia lyase 1  
S8_160595841 8 160595841 8.14E-05 0.41 1760 0.35 0.36 0.045 GRMZM2G147226 ENTH/VHS family 
protein  
S8_160595841 8 160595841 8.14E-05 0.41 1760 0.35 0.36 0.045 GRMZM2G447406 ENTH/VHS family 
protein  
S8_161621735 8 161621735 5.57E-05 0.05 1760 0.35 0.36 0.039 GRMZM2G003518 (ATEXO70F1,EXO70F
1): exocyst subunit 
exo70 family protein 
F1  
S8_161621735 8 161621735 5.57E-05 0.05 1760 0.35 0.36 0.039 GRMZM2G003493 (KING1): SNF1-
related protein 
kinase regulatory 
subunit gamma 1  
S8_163521766 8 163521766 1.87E-06 0.48 1760 0.35 0.36 0.012 GRMZM2G003518 (ATEXO70F1,EXO70F
1): exocyst subunit 
exo70 family protein 
F1  
S8_163521766 8 163521766 1.87E-06 0.48 1760 0.35 0.36 0.012 GRMZM2G003493 (KING1): SNF1-
related protein 
kinase regulatory 


















Genes within 10 Kp 
of SNP Annotation 
S8_163521767 8 163521767 2.99E-05 0.38 1760 0.35 0.36 0.030 GRMZM2G003518 (ATEXO70F1,EXO70F
1): exocyst subunit 
exo70 family protein 
F1  
S8_163521767 8 163521767 2.99E-05 0.38 1760 0.35 0.36 0.030 GRMZM2G003493 (KING1): SNF1-
related protein 
kinase regulatory 
subunit gamma 1  
S8_163521776 8 163521776 2.99E-05 0.38 1760 0.35 0.36 0.030 GRMZM2G003518 (ATEXO70F1,EXO70F
1): exocyst subunit 
exo70 family protein 
F1  
S8_163521776 8 163521776 2.99E-05 0.38 1760 0.35 0.36 0.030 GRMZM2G003493 (KING1): SNF1-
related protein 
kinase regulatory 
subunit gamma 1  
S8_163521793 8 163521793 2.99E-05 0.38 1760 0.35 0.36 0.030 GRMZM2G003518 (ATEXO70F1,EXO70F
1): exocyst subunit 
exo70 family protein 
F1  
S8_163521793 8 163521793 2.99E-05 0.38 1760 0.35 0.36 0.030 GRMZM2G003493 (KING1): SNF1-
related protein 
kinase regulatory 
subunit gamma 1  
S8_163725413 8 163725413 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G817436 (ATPTR1,PTR1): 
peptide transporter 
1 
S8_163725413 8 163725413 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM2G091397 alpha/beta-
Hydrolases 
superfamily protein  
S8_163725413 8 163725413 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G884972 Protein kinase 


















Genes within 10 Kp 
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S8_163725416 8 163725416 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G817436 (ATPTR1,PTR1): 
peptide transporter 
1 
S8_163725416 8 163725416 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM2G091397 alpha/beta-
Hydrolases 
superfamily protein  
S8_163725416 8 163725416 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G884972   Protein kinase 
superfamily protein  
S8_163725417 8 163725417 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G817436 (ATPTR1,PTR1): 
peptide transporter 
1 
S8_163725417 8 163725417 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM2G091397 alpha/beta-
Hydrolases 
superfamily protein  
S8_163725417 8 163725417 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G884972 Protein kinase 
superfamily protein  
S8_163725418 8 163725418 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G817436 (ATPTR1,PTR1): 
peptide transporter 
1 
S8_163725418 8 163725418 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM2G091397  alpha/beta-
Hydrolases 
superfamily protein  
S8_163725418 8 163725418 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G884972   Protein kinase 
superfamily protein  
S8_163725419 8 163725419 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G817436 (ATPTR1,PTR1): 
peptide transporter 
1 
S8_163725419 8 163725419 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM2G091397 alpha/beta-
Hydrolases 
superfamily protein  
S8_163725419 8 163725419 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G884972  Protein kinase 


















Genes within 10 Kp 
of SNP Annotation 
S8_163725421 8 163725421 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G817436 (ATPTR1,PTR1): 
peptide transporter 
1 
S8_163725421 8 163725421 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM2G091397 alpha/beta-
Hydrolases 
superfamily protein  
S8_163725421 8 163725421 6.68E-05 0.08 1760 0.35 0.36 0.042 GRMZM5G884972 Protein kinase 
superfamily protein  
S8_164899464 8 164899464 1.08E-06 0.32 1760 0.35 0.36 0.010 GRMZM2G368663 (CRK5,RLK6): 
cysteine-rich RLK 
(RECEPTOR-like 
protein kinase) 5  
S8_164899464 8 164899464 1.08E-06 0.32 1760 0.35 0.36 0.010 GRMZM2G068271 SNARE associated 
Golgi protein family  
S8_165584643 8 165584643 3.48E-05 0.08 1760 0.35 0.36 0.032 GRMZM2G128248 DNAJ heat shock 
family protein  
S8_165584643 8 165584643 3.48E-05 0.08 1760 0.35 0.36 0.032 GRMZM2G128215 F-box family protein  
S8_165584643 8 165584643 3.48E-05 0.08 1760 0.35 0.36 0.032 GRMZM2G005483 Galactose-binding 
protein  
S8_171180461 8 171180461 2.95E-05 0.16 1760 0.35 0.36 0.030 GRMZM2G028054 (ATMYB65,MYB65): 
myb domain protein 
65 
S8_171180461 8 171180461 2.95E-05 0.16 1760 0.35 0.36 0.030 GRMZM2G028346 (PAG1): 20S 
proteasome alpha 
subunit G1  
S8_171180461 8 171180461 2.95E-05 0.16 1760 0.35 0.36 0.030 GRMZM2G028266 serine protease 
inhibitor, Kazal-type 
family protein  
S8_171713019 8 171713019 4.47E-06 0.36 1760 0.35 0.36 0.016 GRMZM2G106250 3-hydroxyacyl-CoA 
dehydrogenase 


















Genes within 10 Kp 
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S8_171713019 8 171713019 4.47E-06 0.36 1760 0.35 0.36 0.016 GRMZM2G106344 DC1 domain-
containing protein  
S8_172458496 8 172458496 4.71E-05 0.12 1760 0.35 0.36 0.036 GRMZM2G111511 (ATNAP13,EMB2751
): ABC transporter 
family protein  
S8_172458496 8 172458496 4.71E-05 0.12 1760 0.35 0.36 0.036 GRMZM2G111501 thylakoid lumenal 
P17.1 protein  
S8_172458497 8 172458497 1.13E-05 0.13 1760 0.35 0.36 0.023 GRMZM2G111511 (ATNAP13,EMB2751
): ABC transporter 
family protein  
S8_172458497 8 172458497 1.13E-05 0.13 1760 0.35 0.36 0.023 GRMZM2G111501 thylakoid lumenal 
P17.1 protein  
S8_172458522 8 172458522 1.06E-04 0.13 1760 0.35 0.36 0.049 GRMZM2G111511 (ATNAP13,EMB2751
): ABC transporter 
family protein  
S8_172458522 8 172458522 1.06E-04 0.13 1760 0.35 0.36 0.049 GRMZM2G111501 thylakoid lumenal 
P17.1 protein  
S8_175507972 8 175507972 5.16E-05 0.29 1760 0.35 0.36 0.037 GRMZM2G044070 (UGT71B6): UDP-
glucosyl transferase 
71B6  
S8_175508003 8 175508003 5.16E-05 0.29 1760 0.35 0.36 0.037 GRMZM2G044070 (UGT71B6): UDP-
glucosyl transferase 
71B6  
S9_2212339 9 2212339 6.50E-05 0.15 1760 0.35 0.36 0.042 GRMZM2G057611 Major facilitator 
superfamily protein  
S9_5076236 9 5076236 1.80E-05 0.19 1760 0.35 0.36 0.026 GRMZM5G862101 (ATHVA22A,HVA22A
): HVA22 
homologue A  
S9_5076237 9 5076237 1.80E-05 0.19 1760 0.35 0.36 0.026 GRMZM5G862101 (ATHVA22A,HVA22A
): HVA22 


















Genes within 10 Kp 
of SNP Annotation 
S9_5076249 9 5076249 1.80E-05 0.19 1760 0.35 0.36 0.026 GRMZM5G862101 (ATHVA22A,HVA22A
): HVA22 
homologue A  
S9_5080062 9 5080062 2.41E-05 0.19 1760 0.35 0.36 0.028 GRMZM5G862101 (ATHVA22A,HVA22A
): HVA22 
homologue A  
S9_6005483 9 6005483 8.97E-05 0.34 1760 0.35 0.36 0.047 GRMZM2G093772 (BST1,DER4,MRH3): 
DNAse I-like 
superfamily protein  
S9_6005485 9 6005485 8.97E-05 0.34 1760 0.35 0.36 0.047 GRMZM2G093772 (BST1,DER4,MRH3): 
DNAse I-like 
superfamily protein  
S9_6005486 9 6005486 8.97E-05 0.34 1760 0.35 0.36 0.047 GRMZM2G093772 (BST1,DER4,MRH3): 
DNAse I-like 
superfamily protein  
S9_7870170 9 7870170 3.70E-06 0.19 1760 0.35 0.36 0.015 GRMZM2G343769 (ICK6,KRP3): 
inhibitor/interactor 
with cyclin-
dependent kinase  
S9_7956110 9 7956110 2.46E-05 0.17 1760 0.35 0.36 0.028 GRMZM2G038436 (CML38): 
calmodulin-like 38  
S9_7956110 9 7956110 2.46E-05 0.17 1760 0.35 0.36 0.028 GRMZM2G038532 Protein of unknown 
function DUF829, 
transmembrane 53  
S9_12333613 9 12333613 8.81E-05 0.12 1760 0.35 0.36 0.047 GRMZM2G455306 (GAE1): UDP-D-
glucuronate 4-
epimerase 1  





















Genes within 10 Kp 
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S9_12333613 9 12333613 8.81E-05 0.12 1760 0.35 0.36 0.047 GRMZM2G151913 RING/U-box 
superfamily protein  




superfamily protein  
S9_12598772 9 12598772 5.18E-06 0.05 1760 0.35 0.36 0.017 GRMZM2G455306 (GAE1): UDP-D-
glucuronate 4-
epimerase 1  




S9_12598772 9 12598772 5.18E-06 0.05 1760 0.35 0.36 0.017 GRMZM2G151913 RING/U-box 
superfamily protein  




superfamily protein  
S9_12598979 9 12598979 1.39E-06 0.22 1760 0.35 0.36 0.011 GRMZM2G455306 (GAE1): UDP-D-
glucuronate 4-
epimerase 1  




S9_12598979 9 12598979 1.39E-06 0.22 1760 0.35 0.36 0.011 GRMZM2G151913 RING/U-box 
superfamily protein  
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superfamily protein  
S9_12795227 9 12795227 7.66E-05 0.17 1760 0.35 0.36 0.044 GRMZM2G067053 (ENP,MAB4,NPY1): 
Phototropic-
responsive NPH3 
family protein  




S9_12795251 9 12795251 9.86E-05 0.29 1760 0.35 0.36 0.048 GRMZM2G067053 (ENP,MAB4,NPY1): 
Phototropic-
responsive NPH3 
family protein  




S9_13150222 9 13150222 1.47E-05 0.31 1760 0.35 0.36 0.024 GRMZM2G116491 WRKY family 
transcription factor  
S9_13662469 9 13662469 2.25E-05 0.39 1760 0.35 0.36 0.027 GRMZM2G008326 PPPDE putative thiol 
peptidase family 
protein  
S9_13662496 9 13662496 6.48E-05 0.16 1760 0.35 0.36 0.042 GRMZM2G008326 PPPDE putative thiol 
peptidase family 
protein  




















Genes within 10 Kp 
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S9_13663290 9 13663290 3.03E-05 0.48 1760 0.35 0.36 0.030 GRMZM2G008326 PPPDE putative thiol 
peptidase family 
protein  
S9_15692048 9 15692048 1.23E-05 0.10 1760 0.35 0.36 0.024 GRMZM5G810393 (CYP94D2): 
cytochrome P450, 
family 94, subfamily 
D, polypeptide 2  
S9_15908712 9 15908712 3.07E-06 0.09 1760 0.35 0.36 0.014 GRMZM2G576752 (WAK3): wall 
associated kinase 3  
S9_15908712 9 15908712 3.07E-06 0.09 1760 0.35 0.36 0.014 GRMZM2G007801 Protein kinase 
superfamily protein  
S9_16253708 9 16253708 7.31E-06 0.15 1760 0.35 0.36 0.020 GRMZM2G301860 (DEAR3): DREB and 
EAR motif protein 3  
S9_16253708 9 16253708 7.31E-06 0.15 1760 0.35 0.36 0.020 GRMZM2G001799 (IAA14,SLR): indole-
3-acetic acid 
inducible 14  





superfamily protein  
S9_16318895 9 16318895 4.59E-05 0.19 1760 0.35 0.36 0.036 GRMZM2G440198 PIF / Ping-Pong 
family of plant 
transposases  
S9_16318895 9 16318895 4.59E-05 0.19 1760 0.35 0.36 0.036 GRMZM2G099324 S-locus lectin 
protein kinase 
family protein  
S9_16433307 9 16433307 1.08E-06 0.12 1760 0.35 0.36 0.010 GRMZM2G074611 dirigent, putative  
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S9_18241191 9 18241191 1.47E-06 0.14 1760 0.35 0.36 0.011 AC231745.1_FG004 (TPST): 
tyrosylprotein 
sulfotransferase  
S9_19041867 9 19041867 2.71E-05 0.12 1760 0.35 0.36 0.029 GRMZM2G028594 (DBB3,LZF1,STH3): 
light-regulated zinc 
finger protein 1  
S9_19041867 9 19041867 2.71E-05 0.12 1760 0.35 0.36 0.029 GRMZM5G877388 (PFN3,PRF3): profilin 
3 
S9_19041867 9 19041867 2.71E-05 0.12 1760 0.35 0.36 0.029 GRMZM5G863550 Phosphotyrosine 
protein 
phosphatases 
superfamily protein  
S9_19041869 9 19041869 2.71E-05 0.12 1760 0.35 0.36 0.029 GRMZM2G028594 (DBB3,LZF1,STH3): 
light-regulated zinc 
finger protein 1  
S9_19041869 9 19041869 2.71E-05 0.12 1760 0.35 0.36 0.029 GRMZM5G877388 (PFN3,PRF3): profilin 
3 
S9_19041869 9 19041869 2.71E-05 0.12 1760 0.35 0.36 0.029 GRMZM5G863550 Phosphotyrosine 
protein 
phosphatases 
superfamily protein  
S9_19041871 9 19041871 2.71E-05 0.12 1760 0.35 0.36 0.029 GRMZM2G028594 (DBB3,LZF1,STH3): 
light-regulated zinc 
finger protein 1  



















Genes within 10 Kp 
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S9_19041871 9 19041871 2.71E-05 0.12 1760 0.35 0.36 0.029 GRMZM5G863550  Phosphotyrosine 
protein 
phosphatases 
superfamily protein  
S9_20606888 9 20606888 3.19E-05 0.33 1760 0.35 0.36 0.031 GRMZM5G899300 (BUB3.1): 
Transducin/WD40 
repeat-like 
superfamily protein  
S9_20606888 9 20606888 3.19E-05 0.33 1760 0.35 0.36 0.031 GRMZM2G103475 Pentatricopeptide 
repeat (PPR) 
superfamily protein  
S9_22478909 9 22478909 2.43E-05 0.24 1760 0.35 0.36 0.028 GRMZM2G097313 Leucine-rich repeat 
protein kinase 
family protein  
S9_22478943 9 22478943 2.43E-05 0.24 1760 0.35 0.36 0.028 GRMZM2G097313 Leucine-rich repeat 
protein kinase 
family protein  
S9_22480282 9 22480282 2.67E-06 0.41 1760 0.35 0.36 0.014 GRMZM2G097313 Leucine-rich repeat 
protein kinase 
family protein  
S9_22480284 9 22480284 2.67E-06 0.41 1760 0.35 0.36 0.014 GRMZM2G097313 Leucine-rich repeat 
protein kinase 
family protein  
S9_22480343 9 22480343 2.29E-05 0.38 1760 0.35 0.36 0.028 GRMZM2G097313 Leucine-rich repeat 
protein kinase 
family protein  
S9_22681178 9 22681178 7.37E-07 0.36 1760 0.35 0.36 0.009 GRMZM5G847362 F-box family protein  
           
           
           


















Genes within 10 Kp 
of SNP Annotation 





S9_22681260 9 22681260 3.36E-06 0.29 1760 0.35 0.36 0.015 GRMZM5G847362 F-box family protein 





S9_22685751 9 22685751 5.74E-05 0.20 1760 0.35 0.36 0.039 GRMZM5G847362 F-box family protein  





S9_22780028 9 22780028 2.14E-05 0.18 1760 0.35 0.36 0.027 GRMZM2G033208 Transketolase  
S9_22780117 9 22780117 3.85E-05 0.17 1760 0.35 0.36 0.033 GRMZM2G033208 Transketolase  
S9_22780988 9 22780988 3.71E-05 0.44 1760 0.35 0.36 0.033 GRMZM2G033208 Transketolase  
S9_22786319 9 22786319 1.26E-05 0.28 1760 0.35 0.36 0.024 GRMZM2G033208 Transketolase  
S9_22788000 9 22788000 1.40E-05 0.18 1760 0.35 0.36 0.024 GRMZM2G033208 Transketolase  
S9_23008884 9 23008884 1.40E-05 0.38 1760 0.35 0.36 0.024 GRMZM2G147319  Zinc finger (C3HC4-
type RING finger) 
family protein  
S9_23009979 9 23009979 3.32E-06 0.38 1760 0.35 0.36 0.014 GRMZM2G147319 Zinc finger (C3HC4-
type RING finger) 
family protein  
           


















Genes within 10 Kp 
of SNP Annotation 






S9_23054487 9 23054487 3.48E-05 0.10 1760 0.35 0.36 0.032 GRMZM2G010740 Zinc finger (C3HC4-
type RING finger) 
family protein  






S9_23054494 9 23054494 3.48E-05 0.10 1760 0.35 0.36 0.032 GRMZM2G010740 Zinc finger (C3HC4-
type RING finger) 
family protein  






S9_23059325 9 23059325 1.95E-05 0.27 1760 0.35 0.36 0.027 GRMZM2G010740 Zinc finger (C3HC4-
type RING finger) 
family protein  
            
           
           


















Genes within 10 Kp 
of SNP Annotation 






S9_23060806 9 23060806 8.20E-07 0.35 1760 0.35 0.36 0.009 GRMZM2G010740 Zinc finger (C3HC4-
type RING finger) 
family protein  








S9_25060863 9 25060863 9.49E-06 0.20 1760 0.35 0.36 0.023 GRMZM2G029863 (ATBAG3,BAG3): 
BCL-2-associated 
athanogene 3  
S9_25060863 9 25060863 9.49E-06 0.20 1760 0.35 0.36 0.023 GRMZM2G030051 Disease resistance 
protein (CC-NBS-LRR 
class) family  
S9_25063138 9 25063138 6.80E-05 0.11 1760 0.35 0.36 0.042 GRMZM2G029863 (ATBAG3,BAG3): 
BCL-2-associated 
athanogene 3  
S9_25063138 9 25063138 6.80E-05 0.11 1760 0.35 0.36 0.042 GRMZM2G030051 Disease resistance 
protein (CC-NBS-LRR 
class) family  
S9_25063146 9 25063146 4.00E-05 0.11 1760 0.35 0.36 0.034 GRMZM2G029863 (ATBAG3,BAG3): 
BCL-2-associated 


















Genes within 10 Kp 
of SNP Annotation 
S9_25063146 9 25063146 4.00E-05 0.11 1760 0.35 0.36 0.034 GRMZM2G030051  Disease resistance 
protein (CC-NBS-LRR 
class) family  
S9_25069024 9 25069024 1.67E-05 0.11 1760 0.35 0.36 0.025 GRMZM2G029863 (ATBAG3,BAG3): 
BCL-2-associated 
athanogene 3  
S9_25069024 9 25069024 1.67E-05 0.11 1760 0.35 0.36 0.025 GRMZM2G030051 Disease resistance 
protein (CC-NBS-LRR 
class) family  
S9_25070183 9 25070183 8.81E-05 0.11 1760 0.35 0.36 0.047 GRMZM2G029863 (ATBAG3,BAG3): 
BCL-2-associated 
athanogene 3  
S9_25070183 9 25070183 8.81E-05 0.11 1760 0.35 0.36 0.047 GRMZM2G030051 Disease resistance 
protein (CC-NBS-LRR 
class) family  
S9_25070227 9 25070227 3.16E-06 0.13 1760 0.35 0.36 0.014 GRMZM2G029863 (ATBAG3,BAG3): 
BCL-2-associated 
athanogene 3  
S9_25070227 9 25070227 3.16E-06 0.13 1760 0.35 0.36 0.014 GRMZM2G030051 Disease resistance 
protein (CC-NBS-LRR 
class) family  
S9_25073541 9 25073541 1.75E-07 0.20 1760 0.35 0.36 0.005 GRMZM2G029863 (ATBAG3,BAG3): 
BCL-2-associated 
athanogene 3  
S9_25073541 9 25073541 1.75E-07 0.20 1760 0.35 0.36 0.005 GRMZM2G030051  Disease resistance 
protein (CC-NBS-LRR 
class) family  
S9_25088931 9 25088931 4.20E-05 0.12 1760 0.35 0.36 0.035 GRMZM2G335052 Malectin/receptor-
like protein kinase 
family protein  


















Genes within 10 Kp 
of SNP Annotation 
S9_25250937 9 25250937 2.62E-05 0.34 1760 0.35 0.36 0.029 GRMZM2G071602 (BB,BB2): RING/U-
box superfamily 
protein  
S9_25250937 9 25250937 2.62E-05 0.34 1760 0.35 0.36 0.029 GRMZM2G071491 (SLK2): SEUSS-like 2  
S9_25258938 9 25258938 4.49E-05 0.09 1760 0.35 0.36 0.035 GRMZM5G825515 (ATOPT7,OPT7): 
oligopeptide 
transporter 7  
S9_25258938 9 25258938 4.49E-05 0.09 1760 0.35 0.36 0.035 GRMZM2G071602 (BB,BB2): RING/U-
box superfamily 
protein  
S9_25258938 9 25258938 4.49E-05 0.09 1760 0.35 0.36 0.035 GRMZM2G071491 (SLK2): SEUSS-like 2  
S9_25258938 9 25258938 4.49E-05 0.09 1760 0.35 0.36 0.035 GRMZM5G882758 Pentatricopeptide 
repeat (PPR) 
superfamily protein  
S9_25809279 9 25809279 1.06E-04 0.18 1760 0.35 0.36 0.049 GRMZM2G344634 (ACBP,ACBP6): acyl-
CoA-binding protein 
6 
S9_25809279 9 25809279 1.06E-04 0.18 1760 0.35 0.36 0.049 GRMZM2G042080 (FSD2): Fe 
superoxide 
dismutase 2  
S9_25809279 9 25809279 1.06E-04 0.18 1760 0.35 0.36 0.049 GRMZM2G042323 interacting protein 
of DMI3, putative, 
expressed  
S9_25816294 9 25816294 1.09E-05 0.11 1760 0.35 0.36 0.023 GRMZM2G344634 (ACBP,ACBP6): acyl-
CoA-binding protein 
6 
S9_25816294 9 25816294 1.09E-05 0.11 1760 0.35 0.36 0.023 GRMZM2G042080 (FSD2): Fe 
superoxide 
dismutase 2  
           


















Genes within 10 Kp 
of SNP Annotation 
S9_25816294 9 25816294 1.09E-05 0.11 1760 0.35 0.36 0.023 GRMZM2G042323  interacting protein 
of DMI3, putative, 
expressed  
S9_25817796 9 25817796 6.26E-05 0.19 1760 0.35 0.36 0.041 GRMZM2G344634 (ACBP,ACBP6): acyl-
CoA-binding protein 
6 
S9_25817796 9 25817796 6.26E-05 0.19 1760 0.35 0.36 0.041 GRMZM2G042080 (FSD2): Fe 
superoxide 
dismutase 2  
S9_25817796 9 25817796 6.26E-05 0.19 1760 0.35 0.36 0.041 GRMZM2G042323 interacting protein 
of DMI3, putative, 
expressed  
S9_25817800 9 25817800 1.40E-06 0.27 1760 0.35 0.36 0.011 GRMZM2G344634 (ACBP,ACBP6): acyl-
CoA-binding protein 
6 
S9_25817800 9 25817800 1.40E-06 0.27 1760 0.35 0.36 0.011 GRMZM2G042080 (FSD2): Fe 
superoxide 
dismutase 2  
S9_25817800 9 25817800 1.40E-06 0.27 1760 0.35 0.36 0.011 GRMZM2G042323 interacting protein 
of DMI3, putative, 
expressed  
S9_25922741 9 25922741 2.67E-06 0.49 1760 0.35 0.36 0.014 GRMZM2G083716 (CPN60B,LEN1): 
chaperonin 60 beta  
S9_25924081 9 25924081 4.55E-05 0.43 1760 0.35 0.36 0.035 GRMZM2G083716 (CPN60B,LEN1): 
chaperonin 60 beta  
S9_25925883 9 25925883 4.94E-05 0.15 1760 0.35 0.36 0.037 GRMZM2G083716 (CPN60B,LEN1): 
chaperonin 60 beta  
S9_26476559 9 26476559 6.26E-05 0.20 1760 0.35 0.36 0.041 GRMZM2G093291 (EMB976): 
Tetratricopeptide 
repeat (TPR)-like 


















Genes within 10 Kp 
of SNP Annotation 
S9_26476559 9 26476559 6.26E-05 0.20 1760 0.35 0.36 0.041 GRMZM2G393146 AMP-dependent 
synthetase and 
ligase family protein  
S9_26477472 9 26477472 4.56E-05 0.34 1760 0.35 0.36 0.035 GRMZM2G093291 (EMB976): 
Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S9_26477472 9 26477472 4.56E-05 0.34 1760 0.35 0.36 0.035 GRMZM2G393146 AMP-dependent 
synthetase and 
ligase family protein  
S9_26578146 9 26578146 2.16E-05 0.24 1760 0.35 0.36 0.027 GRMZM2G136838 (ATNACK1,HIK,NACK
1): ATP binding 
microtubule motor 
family protein  
S9_26578147 9 26578147 1.92E-05 0.23 1760 0.35 0.36 0.026 GRMZM2G136838 (ATNACK1,HIK,NACK
1): ATP binding 
microtubule motor 
family protein  
S9_26578322 9 26578322 5.59E-05 0.21 1760 0.35 0.36 0.039 GRMZM2G136838 (ATNACK1,HIK,NACK
1): ATP binding 
microtubule motor 
family protein  
S9_26579522 9 26579522 1.18E-05 0.24 1760 0.35 0.36 0.023 GRMZM2G136838 (ATNACK1,HIK,NACK
1): ATP binding 
microtubule motor 
family protein  
S9_26594985 9 26594985 5.69E-06 0.32 1760 0.35 0.36 0.018 GRMZM5G870176 (ATCSLD3,CSLD3,KJK
): cellulose 
synthase-like D3  
           


















Genes within 10 Kp 
of SNP Annotation 
S9_26594985 9 26594985 5.69E-06 0.32 1760 0.35 0.36 0.018 GRMZM2G136838 (ATNACK1,HIK,NACK
1): ATP binding 
microtubule motor 
family protein  
S9_26594985 9 26594985 5.69E-06 0.32 1760 0.35 0.36 0.018 GRMZM5G847530 (DAD2): Defender 
against death (DAD 
family) protein  
S9_26595039 9 26595039 1.38E-07 0.34 1760 0.35 0.36 0.004 GRMZM5G870176 (ATCSLD3,CSLD3,KJK
): cellulose 
synthase-like D3  
S9_26595039 9 26595039 1.38E-07 0.34 1760 0.35 0.36 0.004 GRMZM2G136838 (ATNACK1,HIK,NACK
1): ATP binding 
microtubule motor 
family protein  
S9_26595039 9 26595039 1.38E-07 0.34 1760 0.35 0.36 0.004 GRMZM5G847530 (DAD2): Defender 
against death (DAD 
family) protein  
S9_26611413 9 26611413 3.75E-05 0.09 1760 0.35 0.36 0.033 GRMZM5G870176 (ATCSLD3,CSLD3,KJK
): cellulose 
synthase-like D3  
S9_26611413 9 26611413 3.75E-05 0.09 1760 0.35 0.36 0.033 GRMZM2G051949 Phosphorylase 
superfamily protein  




S9_26611444 9 26611444 5.20E-06 0.31 1760 0.35 0.36 0.017 GRMZM5G870176 (ATCSLD3,CSLD3,KJK
): cellulose 
synthase-like D3  
S9_26611444 9 26611444 5.20E-06 0.31 1760 0.35 0.36 0.017 GRMZM2G051949  Phosphorylase 


















Genes within 10 Kp 
of SNP Annotation 




S9_26612993 9 26612993 1.01E-04 0.24 1760 0.35 0.36 0.048 GRMZM5G870176 (ATCSLD3,CSLD3,KJK
): cellulose 
synthase-like D3  
S9_26612993 9 26612993 1.01E-04 0.24 1760 0.35 0.36 0.048 GRMZM2G051949  Phosphorylase 
superfamily protein  




S9_26713114 9 26713114 2.79E-08 0.11 1760 0.35 0.37 0.001 GRMZM2G093195 (ATKAO2,CYP88A4,K
AO2): ent-kaurenoic 
acid hydroxylase 2  
S9_26715220 9 26715220 1.88E-05 0.07 1760 0.35 0.36 0.026 GRMZM2G093195 (ATKAO2,CYP88A4,K
AO2): ent-kaurenoic 
acid hydroxylase 2  
S9_27096263 9 27096263 6.30E-05 0.09 1760 0.35 0.36 0.041 GRMZM2G084739 (PGY2): Ribosomal 
protein L6 family  
S9_27096263 9 27096263 6.30E-05 0.09 1760 0.35 0.36 0.041 GRMZM2G084968 PPPDE putative thiol 
peptidase family 
protein  
S9_33714950 9 33714950 2.17E-05 0.33 1760 0.35 0.36 0.027 AC216886.3_FG002 (TBL21): TRICHOME 
BIREFRINGENCE-
LIKE 21 
S9_33714982 9 33714982 2.17E-05 0.33 1760 0.35 0.36 0.027 AC216886.3_FG002 (TBL21): TRICHOME 
BIREFRINGENCE-
LIKE 21 


















Genes within 10 Kp 
of SNP Annotation 
S9_34704299 9 34704299 3.26E-05 0.11 1760 0.35 0.36 0.031 GRMZM2G065612 Armadillo/beta-
catenin-like repeat 
family protein  
S9_34704401 9 34704401 2.59E-05 0.11 1760 0.35 0.36 0.029 GRMZM2G065612 Armadillo/beta-
catenin-like repeat 
family protein  
S9_34704485 9 34704485 1.08E-04 0.11 1760 0.35 0.36 0.050 GRMZM2G065612 Armadillo/beta-
catenin-like repeat 
family protein  
S9_34704560 9 34704560 7.33E-05 0.10 1760 0.35 0.36 0.043 GRMZM2G065612 Armadillo/beta-
catenin-like repeat 
family protein  
S9_34704668 9 34704668 1.50E-05 0.11 1760 0.35 0.36 0.024 GRMZM2G065612 Armadillo/beta-
catenin-like repeat 
family protein  
S9_35913118 9 35913118 3.73E-05 0.09 1760 0.35 0.36 0.033 GRMZM2G408359 (ATPI4K GAMMA 
7,PI4K GAMMA 
7,UBDK GAMMA 7): 
phosphoinositide 4-
kinase gamma 7  
S9_35913118 9 35913118 3.73E-05 0.09 1760 0.35 0.36 0.033 GRMZM2G408376 Protein kinase 
superfamily protein  
S9_35915499 9 35915499 6.77E-05 0.09 1760 0.35 0.36 0.042 GRMZM2G408359 (ATPI4K GAMMA 
7,PI4K GAMMA 
7,UBDK GAMMA 7): 
phosphoinositide 4-
kinase gamma 7  
S9_35915499 9 35915499 6.77E-05 0.09 1760 0.35 0.36 0.042 GRMZM2G408376 Protein kinase 
superfamily protein  
S9_36406145 9 36406145 2.38E-05 0.08 1760 0.35 0.36 0.028 AC196437.3_FG001 Ribosomal protein 


















Genes within 10 Kp 
of SNP Annotation 
S9_45195770 9 45195770 5.20E-05 0.07 1760 0.35 0.36 0.037 GRMZM2G151414 pantothenate kinase 
4, putative, 
expressed  




S9_58847195 9 58847195 3.15E-05 0.27 1760 0.35 0.36 0.030 GRMZM2G135236 ATPase E1-E2 type 









S9_61300467 9 61300467 1.72E-05 0.09 1760 0.35 0.36 0.025 GRMZM2G083841 (ATPPC2,PPC2): 
phosphoenolpyruva
te carboxylase 2  
S9_61405838 9 61405838 1.93E-06 0.17 1760 0.35 0.36 0.012 GRMZM5G814159 (CID8): CTC-
interacting domain 
8 
S9_62060483 9 62060483 1.63E-05 0.19 1760 0.35 0.36 0.025 GRMZM2G127266   RING/U-box 
superfamily protein  
S9_73922636 9 73922636 9.19E-05 0.26 1760 0.35 0.36 0.047 GRMZM2G145989 (AAP1,NAT2): amino 
acid permease 1  
S9_75780129 9 75780129 1.22E-07 0.15 1760 0.35 0.36 0.004 GRMZM2G125441 (PDF1): protodermal 
factor 1  
           


















Genes within 10 Kp 
of SNP Annotation 
S9_76471131 9 76471131 5.90E-05 0.26 1760 0.35 0.36 0.039 GRMZM5G812774 (BEH4): BES1/BZR1 
homolog 4  
S9_76796966 9 76796966 5.69E-05 0.31 1760 0.35 0.36 0.039 GRMZM5G838496  : expressed protein  
S9_77023959 9 77023959 3.57E-05 0.20 1760 0.35 0.36 0.032 GRMZM2G001816 Ribosomal L5P 
family protein  
S9_77023962 9 77023962 3.57E-05 0.20 1760 0.35 0.36 0.032 GRMZM2G001816 Ribosomal L5P 
family protein  
S9_77023980 9 77023980 3.57E-05 0.20 1760 0.35 0.36 0.032 GRMZM2G001816 Ribosomal L5P 
family protein  
S9_77024006 9 77024006 3.57E-05 0.20 1760 0.35 0.36 0.032 GRMZM2G001816 Ribosomal L5P 
family protein  




S9_86399905 9 86399905 4.30E-05 0.10 1760 0.35 0.36 0.035 AC189879.3_FG003 (AGO10,PNH,ZLL): 
Stabilizer of iron 
transporter SufD / 
Polynucleotidyl 
transferase  
S9_86530256 9 86530256 8.76E-06 0.39 1760 0.35 0.36 0.021 GRMZM2G004128 FAD/NAD(P)-binding 
oxidoreductase 
family protein  
S9_86530570 9 86530570 8.10E-05 0.07 1760 0.35 0.36 0.045 GRMZM2G004128 FAD/NAD(P)-binding 
oxidoreductase 
family protein  
S9_86530609 9 86530609 1.92E-05 0.08 1760 0.35 0.36 0.026 GRMZM2G004128 FAD/NAD(P)-binding 
oxidoreductase 
family protein  
           


















Genes within 10 Kp 
of SNP Annotation 
S9_86662298 9 86662298 4.28E-05 0.09 1760 0.35 0.36 0.035 GRMZM2G148940 (FRS5): FAR1-related 
sequence 5  
S9_86662298 9 86662298 4.28E-05 0.09 1760 0.35 0.36 0.035 GRMZM2G148872 SOUL heme-binding 
family protein  
S9_86864208 9 86864208 1.06E-04 0.31 1760 0.35 0.36 0.049 GRMZM2G148940 (FRS5): FAR1-related 
sequence 5  
S9_86864208 9 86864208 1.06E-04 0.31 1760 0.35 0.36 0.049 GRMZM2G148872 SOUL heme-binding 
family protein  
S9_86864564 9 86864564 2.49E-05 0.36 1760 0.35 0.36 0.029 GRMZM2G148940 (FRS5): FAR1-related 
sequence 5  
S9_86864564 9 86864564 2.49E-05 0.36 1760 0.35 0.36 0.029 GRMZM2G148872 SOUL heme-binding 
family protein  
S9_86869084 9 86869084 8.56E-05 0.35 1760 0.35 0.36 0.046 GRMZM2G022558 (KCS11): 3-ketoacyl-
CoA synthase 11  
S9_86869084 9 86869084 8.56E-05 0.35 1760 0.35 0.36 0.046 GRMZM2G022275 Transducin/WD40 
repeat-like 
superfamily protein  
S9_87131661 9 87131661 1.84E-05 0.08 1760 0.35 0.36 0.026 GRMZM2G158734 (AtDBP1,DBP1): 
DNA-binding protein 
phosphatase 1  
S9_87999506 9 87999506 2.94E-05 0.13 1760 0.35 0.36 0.030 GRMZM2G443953 Coatomer, beta\' 
subunit  
S9_88001858 9 88001858 3.37E-05 0.13 1760 0.35 0.36 0.032 GRMZM2G443953 Coatomer, beta\' 
subunit  
S9_88186195 9 88186195 2.82E-05 0.16 1760 0.35 0.36 0.030 GRMZM2G422948 (UGT89B1): UDP-
glucosyl transferase 
89B1  
S9_88186645 9 88186645 6.80E-06 0.22 1760 0.35 0.36 0.020 GRMZM2G422948 (UGT89B1): UDP-
glucosyl transferase 
89B1  


















Genes within 10 Kp 
of SNP Annotation 
S9_88448641 9 88448641 9.93E-05 0.11 1760 0.35 0.36 0.048 AC234524.1_FG005 UDP-
Glycosyltransferase 
superfamily protein  
S9_90041709 9 90041709 4.76E-06 0.13 1760 0.35 0.36 0.016 GRMZM2G416652 (ATM1,ATMYB101,
MYB101): myb 
domain protein 101  
S9_90041709 9 90041709 4.76E-06 0.13 1760 0.35 0.36 0.016 GRMZM5G862017 Ribosomal protein 
L1p/L10e family  
S9_90843373 9 90843373 9.20E-05 0.15 1760 0.35 0.36 0.047 GRMZM2G056166 TPX2 (targeting 
protein for Xklp2) 
protein family  
S9_91420757 9 91420757 4.32E-05 0.16 1760 0.35 0.36 0.035 GRMZM2G074037 AAA-type ATPase 
family protein  
S9_91420757 9 91420757 4.32E-05 0.16 1760 0.35 0.36 0.035 GRMZM2G372877 C2 calcium/lipid-
binding and GRAM 
domain containing 
protein  
S9_91475255 9 91475255 1.16E-05 0.13 1760 0.35 0.36 0.023 GRMZM2G074233 serine-rich protein-
related  





























Genes within 10 Kp 
of SNP Annotation 








S9_96391130 9 96391130 8.70E-05 0.12 1760 0.35 0.36 0.047 GRMZM5G803308 (ATMYB73,MYB73): 
myb domain protein 
73 




S9_97035764 9 97035764 1.85E-05 0.08 1760 0.35 0.36 0.026 GRMZM2G104866 (ATERF12,ERF12): 
ERF domain protein 
12 
S9_97255258 9 97255258 4.69E-06 0.44 1760 0.35 0.36 0.016 GRMZM2G147856 (PUX4): plant UBX 
domain containing 
protein 4 
S9_97255258 9 97255258 4.69E-06 0.44 1760 0.35 0.36 0.016 GRMZM2G071573 (SRF8): STRUBBELIG-
receptor family 8  
S9_97737229 9 97737229 5.61E-07 0.13 1760 0.35 0.36 0.008 GRMZM2G168690 RING/U-box 
superfamily protein  
S9_97752211 9 97752211 9.10E-05 0.17 1760 0.35 0.36 0.047 GRMZM2G407631 PF00170: bZIP 
transcription factor 
, PF07716: Basic 
region leucine 
zipper 


















Genes within 10 Kp 
of SNP Annotation 
S9_97752212 9 97752212 9.10E-05 0.17 1760 0.35 0.36 0.047 GRMZM2G407631 PF00170: bZIP 
transcription factor 
, PF07716: Basic 
region leucine 
zipper 
S9_99293255 9 99293255 1.67E-05 0.17 1760 0.35 0.36 0.025 GRMZM2G328578 (RPS15A): ribosomal 
protein S15A  
S9_99293366 9 99293366 6.99E-05 0.36 1760 0.35 0.36 0.042 GRMZM2G328578 (RPS15A): ribosomal 
protein S15A  
S9_99850154 9 99850154 9.69E-05 0.37 1760 0.35 0.36 0.048 GRMZM2G025812 (ATBZIP60,BZIP60): 
basic region/leucine 
zipper motif 60  
S9_100305577 9 100305577 5.40E-05 0.32 1760 0.35 0.36 0.038 GRMZM2G122447 VQ motif-containing 
protein  
S9_100788531 9 100788531 2.06E-05 0.42 1760 0.35 0.36 0.027 AC211933.4_FG001 RD26, putative, 
expressed  
S9_100788533 9 100788533 2.06E-05 0.42 1760 0.35 0.36 0.027 AC211933.4_FG001 RD26, putative, 
expressed  
S9_100788973 9 100788973 3.96E-05 0.43 1760 0.35 0.36 0.034 AC211933.4_FG001 RD26, putative, 
expressed  






S9_100887196 9 100887196 7.95E-05 0.28 1760 0.35 0.36 0.045 GRMZM2G108103 polyphenol oxidase, 
putative, expressed  




















Genes within 10 Kp 
of SNP Annotation 






S9_102928135 9 102928135 8.84E-05 0.24 1760 0.35 0.36 0.047 GRMZM2G373578  alpha/beta-
Hydrolases 
superfamily protein  
S9_102928135 9 102928135 8.84E-05 0.24 1760 0.35 0.36 0.047 GRMZM2G452896 alpha/beta-
Hydrolases 
superfamily protein  
S9_102935540 9 102935540 4.42E-05 0.40 1760 0.35 0.36 0.035 GRMZM2G152120 (B120): S-locus 
lectin protein kinase 
family protein  
S9_102935540 9 102935540 4.42E-05 0.40 1760 0.35 0.36 0.035 GRMZM2G373578 alpha/beta-
Hydrolases 
superfamily protein  
S9_102935540 9 102935540 4.42E-05 0.40 1760 0.35 0.36 0.035 GRMZM2G452896 alpha/beta-
Hydrolases 
superfamily protein  
S9_102942121 9 102942121 7.76E-05 0.14 1760 0.35 0.36 0.044 GRMZM2G152120 (B120): S-locus 
lectin protein kinase 
family protein  
S9_102942121 9 102942121 7.76E-05 0.14 1760 0.35 0.36 0.044 GRMZM2G452896 alpha/beta-
Hydrolases 
superfamily protein  
S9_102962492 9 102962492 9.30E-05 0.24 1760 0.35 0.36 0.047 GRMZM2G152126 WRKY family 
transcription factor  
S9_102962618 9 102962618 1.40E-05 0.17 1760 0.35 0.36 0.024 GRMZM2G152126 WRKY family 


















Genes within 10 Kp 
of SNP Annotation 
S9_102963323 9 102963323 8.06E-06 0.28 1760 0.35 0.36 0.020 GRMZM2G152126 WRKY family 
transcription factor  
S9_103070405 9 103070405 2.54E-05 0.36 1760 0.35 0.36 0.029 GRMZM2G111711 (ATWRKY40,WRKY4
0): WRKY DNA-
binding protein 40  
S9_105187791 9 105187791 4.53E-06 0.35 1760 0.35 0.36 0.016 GRMZM2G029912 (CER3,FLP1,WAX2,Y
RE): Fatty acid 
hydroxylase 
superfamily  
S9_105251296 9 105251296 3.15E-05 0.07 1760 0.35 0.36 0.030 GRMZM5G863602 (TET7): tetraspanin7  
S9_105251297 9 105251297 3.15E-05 0.07 1760 0.35 0.36 0.030 GRMZM5G863602 (TET7): tetraspanin7  
S9_105251298 9 105251298 3.15E-05 0.07 1760 0.35 0.36 0.030 GRMZM5G863602 (TET7): tetraspanin7  
S9_105251302 9 105251302 3.15E-05 0.07 1760 0.35 0.36 0.030 GRMZM5G863602 (TET7): tetraspanin7  
S9_107621535 9 107621535 7.64E-06 0.10 1760 0.35 0.36 0.020 GRMZM2G139082 (AIL5,CHO1,EMK): 
AINTEGUMENTA-
like 5  
S9_108353397 9 108353397 4.33E-05 0.25 1760 0.35 0.36 0.035 GRMZM2G098423 (EDA9): D-3-
phosphoglycerate 
dehydrogenase  
S9_108353408 9 108353408 5.92E-05 0.25 1760 0.35 0.36 0.039 GRMZM2G098423 (EDA9): D-3-
phosphoglycerate 
dehydrogenase  
S9_109173765 9 109173765 3.98E-05 0.36 1760 0.35 0.36 0.034 GRMZM2G029407  Leucine-rich repeat 
protein kinase 
family protein  
S9_109668134 9 109668134 1.00E-04 0.19 1760 0.35 0.36 0.048 GRMZM2G090849  LEM3 (ligand-effect 
modulator 3) family 
protein / CDC50 
family protein  


















Genes within 10 Kp 
of SNP Annotation 
S9_109687408 9 109687408 2.32E-05 0.20 1760 0.35 0.36 0.028 GRMZM2G151734 Haloacid 
dehalogenase-like 
hydrolase (HAD) 
superfamily protein  
S9_109687408 9 109687408 2.32E-05 0.20 1760 0.35 0.36 0.028 GRMZM2G090849 LEM3 (ligand-effect 
modulator 3) family 
protein / CDC50 
family protein  
S9_109687447 9 109687447 2.07E-05 0.21 1760 0.35 0.36 0.027 GRMZM2G151734 Haloacid 
dehalogenase-like 
hydrolase (HAD) 
superfamily protein  
S9_109687447 9 109687447 2.07E-05 0.21 1760 0.35 0.36 0.027 GRMZM2G090849 LEM3 (ligand-effect 
modulator 3) family 
protein / CDC50 
family protein  
S9_110319342 9 110319342 8.44E-05 0.33 1760 0.35 0.36 0.046 GRMZM2G333049 VQ motif-containing 
protein  
S9_110455393 9 110455393 1.03E-04 0.27 1760 0.35 0.36 0.049 GRMZM2G124421 (ATHAP5B,HAP5B,N
F-YC2): nuclear 
factor Y, subunit C2  
S9_110459755 9 110459755 9.98E-06 0.18 1760 0.35 0.36 0.023 GRMZM2G124421 (ATHAP5B,HAP5B,N
F-YC2): nuclear 
factor Y, subunit C2  
S9_110578567 9 110578567 7.51E-05 0.07 1760 0.35 0.36 0.044 GRMZM2G009724 (ATBPM1,BPM1): 
BTB-POZ and MATH 
domain 1  
S9_110578567 9 110578567 7.51E-05 0.07 1760 0.35 0.36 0.044 GRMZM2G308884 (AtPRD1,PRD1): 
putative 
recombination 


















Genes within 10 Kp 
of SNP Annotation 




S9_110578663 9 110578663 3.44E-05 0.25 1760 0.35 0.36 0.032 GRMZM2G009724 (ATBPM1,BPM1): 
BTB-POZ and MATH 
domain 1  
S9_110578663 9 110578663 3.44E-05 0.25 1760 0.35 0.36 0.032 GRMZM2G308884 (AtPRD1,PRD1): 
putative 
recombination 
initiation defect 1  




S9_110582905 9 110582905 6.23E-05 0.48 1760 0.35 0.36 0.041 GRMZM2G308884 (AtPRD1,PRD1): 
putative 
recombination 
initiation defect 1  




S9_110582969 9 110582969 5.51E-05 0.49 1760 0.35 0.36 0.038 GRMZM2G308884 (AtPRD1,PRD1): 
putative 
recombination 
initiation defect 1  





















Genes within 10 Kp 
of SNP Annotation 
S9_113427558 9 113427558 1.07E-04 0.37 1760 0.35 0.36 0.050 GRMZM2G054634 (BSK2): BR-signaling 
kinase 2  




family protein  
S9_114551355 9 114551355 5.18E-05 0.49 1760 0.35 0.36 0.037 GRMZM2G150489 ARM repeat 
superfamily protein  




family protein  
S9_114552111 9 114552111 3.00E-05 0.48 1760 0.35 0.36 0.030 GRMZM2G150489 ARM repeat 
superfamily protein  
S9_114697240 9 114697240 1.03E-04 0.43 1760 0.35 0.36 0.049 GRMZM2G028796 (ARABIDILLO-1): 
ARABIDILLO-1  
S9_114778833 9 114778833 2.61E-05 0.39 1760 0.35 0.36 0.029 GRMZM2G093880 alpha/beta-
Hydrolases 
superfamily protein  
S9_114815584 9 114815584 9.69E-06 0.39 1760 0.35 0.36 0.023 GRMZM2G093880  alpha/beta-
Hydrolases 
superfamily protein  

























Genes within 10 Kp 
of SNP Annotation 




S9_114962210 9 114962210 3.21E-05 0.46 1760 0.35 0.36 0.031 GRMZM2G067734 Protein kinase 
superfamily protein  
S9_114962239 9 114962239 1.06E-05 0.46 1760 0.35 0.36 0.023 GRMZM2G067734 Protein kinase 
superfamily protein  
S9_114962246 9 114962246 5.22E-05 0.44 1760 0.35 0.36 0.037 GRMZM2G067734 Protein kinase 
superfamily protein  
S9_114964637 9 114964637 1.05E-04 0.44 1760 0.35 0.36 0.049 GRMZM2G067734 Protein kinase 
superfamily protein  
S9_114979698 9 114979698 9.55E-07 0.38 1760 0.35 0.36 0.010 GRMZM2G368610 (PLA-I{beta]2): 
alpha/beta-
Hydrolases 
superfamily protein  
S9_114979743 9 114979743 1.48E-06 0.38 1760 0.35 0.36 0.011 GRMZM2G368610 (PLA-I{beta]2): 
alpha/beta-
Hydrolases 
superfamily protein  
S9_114980316 9 114980316 8.62E-05 0.44 1760 0.35 0.36 0.046 GRMZM2G368610 (PLA-I{beta]2): 
alpha/beta-
Hydrolases 
superfamily protein  
S9_119839045 9 119839045 2.84E-05 0.13 1760 0.35 0.36 0.030 GRMZM2G106172 O-methyltransferase 
family protein  
S9_119839322 9 119839322 4.82E-05 0.12 1760 0.35 0.36 0.036 GRMZM2G106172 O-methyltransferase 
family protein  
           
           


















Genes within 10 Kp 
of SNP Annotation 
S9_119938060 9 119938060 1.07E-04 0.16 1760 0.35 0.36 0.050 GRMZM2G106172 O-methyltransferase 
family protein  
S9_119947672 9 119947672 2.22E-05 0.25 1760 0.35 0.36 0.027 GRMZM2G035517 (scpl40): serine 
carboxypeptidase-
like 40  
S9_120363261 9 120363261 6.66E-05 0.31 1760 0.35 0.36 0.042 GRMZM2G132238 (AMC1,ATMC1,ATM
CPB1,LOL3,MCP1B): 
metacaspase 1  




S9_124765936 9 124765936 9.70E-05 0.23 1760 0.35 0.36 0.048 GRMZM2G113860 (AZF2,ZF2): zinc-
finger protein 2  
S9_124765936 9 124765936 9.70E-05 0.23 1760 0.35 0.36 0.048 GRMZM2G113866 alpha/beta-
Hydrolases 
superfamily protein  
S9_124765938 9 124765938 5.16E-05 0.20 1760 0.35 0.36 0.037 GRMZM2G113860 (AZF2,ZF2): zinc-
finger protein 2  
S9_124765938 9 124765938 5.16E-05 0.20 1760 0.35 0.36 0.037 GRMZM2G113866 alpha/beta-
Hydrolases 
superfamily protein  
S9_124965662 9 124965662 4.29E-05 0.21 1760 0.35 0.36 0.035 GRMZM2G137816 DUF1230 domain 
containing protein, 
expressed  
S9_124965662 9 124965662 4.29E-05 0.21 1760 0.35 0.36 0.035 GRMZM2G137869 Ovate family protein  
S9_125564660 9 125564660 9.44E-05 0.43 1760 0.35 0.36 0.047 GRMZM2G142999 (NGA2): AP2/B3-like 
transcriptional 
factor family protein  
           


















Genes within 10 Kp 
of SNP Annotation 
S9_127208636 9 127208636 1.44E-05 0.30 1760 0.35 0.36 0.024 GRMZM2G072573 (POL): Protein 
phosphatase 2C 
family protein  
S9_127211736 9 127211736 1.05E-04 0.41 1760 0.35 0.36 0.049 GRMZM2G072573 (POL): Protein 
phosphatase 2C 
family protein  




polypeptide 2  
S9_128306318 9 128306318 1.50E-05 0.10 1760 0.35 0.36 0.024 GRMZM2G021483 Tudor/PWWP/MBT 
domain-containing 
protein  
S9_128319334 9 128319334 4.35E-05 0.32 1760 0.35 0.36 0.035 GRMZM2G309995 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S9_128319334 9 128319334 4.35E-05 0.32 1760 0.35 0.36 0.035 GRMZM2G021483 Tudor/PWWP/MBT 
domain-containing 
protein  
S9_128419498 9 128419498 1.04E-05 0.29 1760 0.35 0.36 0.023 GRMZM2G309995 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S9_128419498 9 128419498 1.04E-05 0.29 1760 0.35 0.36 0.023 GRMZM2G021483 Tudor/PWWP/MBT 
domain-containing 
protein  
S9_128419663 9 128419663 4.33E-09 0.38 1760 0.35 0.37 0.001 GRMZM2G309995 Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  




















Genes within 10 Kp 
of SNP Annotation 
S9_128457999 9 128457999 5.56E-07 0.28 1760 0.35 0.36 0.008 GRMZM2G359566 (ATVLN2,VLN2): 
villin 2  
S9_128461819 9 128461819 2.90E-05 0.08 1760 0.35 0.36 0.030 GRMZM2G359566 (ATVLN2,VLN2): 
villin 2  
S9_128461819 9 128461819 2.90E-05 0.08 1760 0.35 0.36 0.030 GRMZM2G323479 (ATVLN2,VLN2): 
villin 2  
S9_129267714 9 129267714 5.16E-05 0.20 1760 0.35 0.36 0.037 GRMZM2G058522 (CSD1): copper/zinc 
superoxide 
dismutase 1  
S9_129403335 9 129403335 9.60E-06 0.44 1760 0.35 0.36 0.023 GRMZM2G125148 NOP56-like pre RNA 
processing 
ribonucleoprotein  




S9_130088731 9 130088731 5.22E-05 0.14 1760 0.35 0.36 0.037 GRMZM2G421795 Ribosomal protein 
S21e  




S9_130089569 9 130089569 7.32E-05 0.07 1760 0.35 0.36 0.043 GRMZM2G421795 Ribosomal protein 
S21e  




S9_130089571 9 130089571 7.32E-05 0.07 1760 0.35 0.36 0.043 GRMZM2G421795 Ribosomal protein 
S21e  


















Genes within 10 Kp 
of SNP Annotation 
S9_133214273 9 133214273 1.68E-05 0.12 1760 0.35 0.36 0.025 GRMZM2G317584 (AtEIN3,EIN3): 
Ethylene insensitive 
3 family protein  
S9_133214273 9 133214273 1.68E-05 0.12 1760 0.35 0.36 0.025 GRMZM2G022398 exostosin family 
protein  












S9_135891509 9 135891509 7.38E-05 0.35 1760 0.35 0.36 0.043 GRMZM2G077895 cAMP-regulated 
phosphoprotein 19-
related protein  
S9_136179951 9 136179951 1.14E-05 0.33 1760 0.35 0.36 0.023 GRMZM2G022686 (ATMYB12,MYB12,P
FG1): myb domain 
protein 12 
S9_136702333 9 136702333 3.65E-05 0.11 1760 0.35 0.36 0.033 GRMZM2G443785 (GATL7): 
galacturonosyltransf
erase-like 7  
S9_136702342 9 136702342 3.65E-05 0.11 1760 0.35 0.36 0.033 GRMZM2G443785 (GATL7): 
galacturonosyltransf
erase-like 7  




















Genes within 10 Kp 
of SNP Annotation 
S9_136771503 9 136771503 5.18E-06 0.15 1760 0.35 0.36 0.017 GRMZM2G134471 transducin family 
protein / WD-40 
repeat family 
protein  
S9_136771503 9 136771503 5.18E-06 0.15 1760 0.35 0.36 0.017 GRMZM2G134424 zinc finger (MYND 
type) family protein 
/ programmed cell 
death 2 C-terminal 
domain-containing 
protein  





S9_137067368 9 137067368 7.49E-05 0.14 1760 0.35 0.36 0.044 GRMZM2G053652 Ribosomal protein 
S7e family protein  
S9_137493675 9 137493675 1.85E-06 0.15 1760 0.35 0.36 0.012 GRMZM2G378852 (MAPKKK14): 
mitogen-activated 
protein kinase 
kinase kinase 14  
S9_137493675 9 137493675 1.85E-06 0.15 1760 0.35 0.36 0.012 GRMZM2G078933 (RANBP1): RAN 
binding protein 1  
S9_137744363 9 137744363 1.01E-04 0.25 1760 0.35 0.36 0.048 GRMZM2G047894 (ATG5,SAC8): SAC 
domain-containing 
protein 8 
S9_142207968 9 142207968 2.25E-06 0.17 1760 0.35 0.36 0.013 GRMZM2G031441 (ATRL6,RL6,RSM3): 
RAD-like 6  
S9_142207968 9 142207968 2.25E-06 0.17 1760 0.35 0.36 0.013 GRMZM2G030839 GHMP kinase family 
protein  
S9_142211144 9 142211144 9.36E-05 0.22 1760 0.35 0.36 0.047 GRMZM2G031441 (ATRL6,RL6,RSM3): 


















Genes within 10 Kp 
of SNP Annotation 
S9_142211144 9 142211144 9.36E-05 0.22 1760 0.35 0.36 0.047 GRMZM2G030839 GHMP kinase family 
protein  
S9_143187477 9 143187477 9.28E-05 0.38 1760 0.35 0.36 0.047 GRMZM2G147775 (ADF5,ATADF5): 
actin 
depolymerizing 
factor 5  




e/hydrolase 28  




superfamily protein  
S9_144520558 9 144520558 1.43E-05 0.32 1760 0.35 0.36 0.024 GRMZM2G177982 Erythronate-4-
phosphate 
dehydrogenase 
family protein  
S9_144520558 9 144520558 1.43E-05 0.32 1760 0.35 0.36 0.024 GRMZM2G478876 Protein kinase 
superfamily protein  
S9_145890592 9 145890592 4.30E-05 0.22 1760 0.35 0.36 0.035 GRMZM2G126834 (ARR2,RR2): 
response regulator 2  




           
           


















Genes within 10 Kp 
of SNP Annotation 
S9_151644982 9 151644982 4.69E-05 0.32 1760 0.35 0.36 0.036 GRMZM2G127072 (ATEXLA2,ATEXPL2,
ATHEXP BETA 
2.2,EXLA2,EXPL2): 
expansin-like A2  
S9_151644982 9 151644982 4.69E-05 0.32 1760 0.35 0.36 0.036 GRMZM2G127101 ubiquitin family 
protein  
S9_151654922 9 151654922 1.00E-05 0.28 1760 0.35 0.36 0.023 GRMZM2G127072 (ATEXLA2,ATEXPL2,
ATHEXP BETA 
2.2,EXLA2,EXPL2): 
expansin-like A2  
S9_151654922 9 151654922 1.00E-05 0.28 1760 0.35 0.36 0.023 GRMZM2G127050 (BSK1): BR-signaling 
kinase 1  
S9_151654922 9 151654922 1.00E-05 0.28 1760 0.35 0.36 0.023 GRMZM2G127101 ubiquitin family 
protein  
S9_151654946 9 151654946 2.19E-06 0.29 1760 0.35 0.36 0.013 GRMZM2G127072 (ATEXLA2,ATEXPL2,
ATHEXP BETA 
2.2,EXLA2,EXPL2): 
expansin-like A2  
S9_151654946 9 151654946 2.19E-06 0.29 1760 0.35 0.36 0.013 GRMZM2G127050 (BSK1): BR-signaling 
kinase 1  
S9_151654946 9 151654946 2.19E-06 0.29 1760 0.35 0.36 0.013 GRMZM2G127101 ubiquitin family 
protein  
S9_151758419 9 151758419 6.79E-05 0.34 1760 0.35 0.36 0.042 GRMZM2G009808 (ACO3): aconitase 3  
S9_151758419 9 151758419 6.79E-05 0.34 1760 0.35 0.36 0.042 GRMZM2G009770 Leucine-rich repeat 
protein kinase 
family protein  
S9_151978410 9 151978410 8.93E-05 0.11 1760 0.35 0.36 0.047 GRMZM2G059937 (ATVDAC4,VDAC4): 
voltage dependent 
anion channel 4  
           


















Genes within 10 Kp 
of SNP Annotation 
S9_151978410 9 151978410 8.93E-05 0.11 1760 0.35 0.36 0.047 GRMZM2G358931 (ICK6,KRP3): 
inhibitor/interactor 
with cyclin-
dependent kinase  
S9_151978410 9 151978410 8.93E-05 0.11 1760 0.35 0.36 0.047 GRMZM2G059891 early-responsive to 
dehydration stress 
protein (ERD4)  
S9_151978413 9 151978413 8.93E-05 0.11 1760 0.35 0.36 0.047 GRMZM2G059937 (ATVDAC4,VDAC4): 
voltage dependent 
anion channel 4  
S9_151978413 9 151978413 8.93E-05 0.11 1760 0.35 0.36 0.047 GRMZM2G358931 (ICK6,KRP3): 
inhibitor/interactor 
with cyclin-
dependent kinase  
S9_151978413 9 151978413 8.93E-05 0.11 1760 0.35 0.36 0.047 GRMZM2G059891 early-responsive to 
dehydration stress 
protein (ERD4)  
S9_152080481 9 152080481 9.79E-05 0.24 1760 0.35 0.36 0.048 GRMZM2G057243 (ATCCD1,ATNCED1,
CCD1,NCED1): 
carotenoid cleavage 
dioxygenase 1  
S9_152080481 9 152080481 9.79E-05 0.24 1760 0.35 0.36 0.048 GRMZM2G057491 Glutamyl/glutaminyl
-tRNA synthetase, 
class Ic  
S9_152757081 9 152757081 2.66E-05 0.33 1760 0.35 0.36 0.029 GRMZM5G891656 FAD/NAD(P)-binding 
oxidoreductase 
family protein  
S9_152757081 9 152757081 2.66E-05 0.33 1760 0.35 0.36 0.029 GRMZM5G841893 FAD/NAD(P)-binding 
oxidoreductase 
family protein  


















Genes within 10 Kp 
of SNP Annotation 
S9_152757081 9 152757081 2.66E-05 0.33 1760 0.35 0.36 0.029 GRMZM5G832248 Splicing factor, CC1-
like  
S9_153453087 9 153453087 5.99E-05 0.09 1760 0.35 0.36 0.040 GRMZM2G374989 (ATBOR4,BOR4): 
HCO3- transporter 
family  





S9_153453087 9 153453087 5.99E-05 0.09 1760 0.35 0.36 0.040 GRMZM2G374986 Homeodomain-like 
superfamily protein  
S9_155685865 9 155685865 5.79E-05 0.17 1760 0.35 0.36 0.039 GRMZM2G109624 (ASKTHETA,ATSK32,
SK32): shaggy-like 
protein kinase 32  
S9_155685865 9 155685865 5.79E-05 0.17 1760 0.35 0.36 0.039 GRMZM2G434161 alpha/beta-
Hydrolases 
superfamily protein  
S9_155685881 9 155685881 1.27E-05 0.25 1760 0.35 0.36 0.024 GRMZM2G109624 (ASKTHETA,ATSK32,
SK32): shaggy-like 
protein kinase 32  
S9_155685881 9 155685881 1.27E-05 0.25 1760 0.35 0.36 0.024 GRMZM2G434161  alpha/beta-
Hydrolases 
superfamily protein  
S9_155685883 9 155685883 1.14E-05 0.24 1760 0.35 0.36 0.023 GRMZM2G109624 (ASKTHETA,ATSK32,
SK32): shaggy-like 
protein kinase 32  
S9_155685883 9 155685883 1.14E-05 0.24 1760 0.35 0.36 0.023 GRMZM2G434161 alpha/beta-
Hydrolases 
superfamily protein  
S9_155793013 9 155793013 7.02E-05 0.30 1760 0.35 0.36 0.042 GRMZM2G159538 UBX domain-


















Genes within 10 Kp 
of SNP Annotation 
S9_156413787 9 156413787 3.62E-05 0.20 1760 0.35 0.36 0.033 GRMZM2G168760 (MEE13): myosin 
heavy chain-related  
S10_3190555 10 3190555 1.09E-05 0.29 1760 0.35 0.36 0.023 GRMZM2G058595 (RPT2): Phototropic-
responsive NPH3 
family protein  
S10_3190555 10 3190555 1.09E-05 0.29 1760 0.35 0.36 0.023 GRMZM2G058531 Phototropic-
responsive NPH3 
family protein  
S10_6067231 10 6067231 8.63E-05 0.06 1760 0.35 0.36 0.046 GRMZM5G805685 AP2/B3-like 
transcriptional 
factor family protein  
S10_6067238 10 6067238 9.57E-05 0.06 1760 0.35 0.36 0.048 GRMZM5G805685 AP2/B3-like 
transcriptional 
factor family protein  
S10_8356929 10 8356929 4.80E-05 0.32 1760 0.35 0.36 0.036 GRMZM2G343437 (ATEXO70C1,EXO70
C1): exocyst subunit 
exo70 family protein 
C1  




S10_10245128 10 10245128 9.04E-05 0.28 1760 0.35 0.36 0.047 GRMZM2G475197 (WAK3): wall 
associated kinase 3  
S10_10245128 10 10245128 9.04E-05 0.28 1760 0.35 0.36 0.047 GRMZM2G475170 Disease resistance-
responsive (dirigent-
like protein) family 
protein  
S10_10245594 10 10245594 6.58E-05 0.27 1760 0.35 0.36 0.042 GRMZM2G475197 (WAK3): wall 
associated kinase 3  


















Genes within 10 Kp 
of SNP Annotation 
S10_10245594 10 10245594 6.58E-05 0.27 1760 0.35 0.36 0.042 GRMZM2G475170 Disease resistance-
responsive (dirigent-
like protein) family 
protein  
S10_10247919 10 10247919 9.70E-05 0.41 1760 0.35 0.36 0.048 GRMZM2G475197 (WAK3): wall 
associated kinase 3  
S10_10247919 10 10247919 9.70E-05 0.41 1760 0.35 0.36 0.048 GRMZM2G475170 Disease resistance-
responsive (dirigent-
like protein) family 
protein  
S10_12922800 10 12922800 2.00E-05 0.37 1760 0.35 0.36 0.027 GRMZM2G015869 PQ-loop repeat 
family protein / 
transmembrane 
family protein  
S10_36259840 10 36259840 9.45E-05 0.37 1760 0.35 0.36 0.047 GRMZM2G472703 Leucine-rich repeat 
protein kinase 
family protein  





superfamily protein  
S10_77187331 10 77187331 4.32E-05 0.41 1760 0.35 0.36 0.035 GRMZM2G178014 alpha/beta-
Hydrolases 
superfamily protein  
S10_79138169 10 79138169 7.06E-05 0.33 1760 0.35 0.36 0.042 GRMZM2G123886 (ATMPK11,MPK11): 
MAP kinase 11  





















Genes within 10 Kp 
of SNP Annotation 
S10_79138171 10 79138171 6.51E-05 0.33 1760 0.35 0.36 0.042 GRMZM2G123886 (ATMPK11,MPK11): 
MAP kinase 11  









S10_80053282 10 80053282 1.08E-05 0.31 1760 0.35 0.36 0.023 GRMZM2G385989 Plant VAMP (vesicle-
associated 
membrane protein) 
family protein  
S10_84263131 10 84263131 6.16E-05 0.09 1760 0.35 0.36 0.040 GRMZM2G170291 DNAse I-like 
superfamily protein  
S10_102370515 10 102370515 3.73E-05 0.32 1760 0.35 0.36 0.033 AC204711.3_FG002 Glycosyl hydrolase 
family 10 protein  
S10_113979996 10 113979996 4.87E-05 0.10 1760 0.35 0.36 0.036 AC217051.3_FG005 (ZPR3): protein 
binding 
S10_117569900 10 117569900 8.32E-05 0.46 1760 0.35 0.36 0.046 GRMZM2G072322 late embryogenesis 
abundant domain-
containing protein / 
LEA domain-
containing protein  
S10_117569900 10 117569900 8.32E-05 0.46 1760 0.35 0.36 0.046 GRMZM2G072337 Methylthiotransfera
se  
S10_117569900 10 117569900 8.32E-05 0.46 1760 0.35 0.36 0.046 GRMZM2G072174 Photosystem II 
reaction center PsbP 


















Genes within 10 Kp 
of SNP Annotation 
S10_117569901 10 117569901 7.73E-05 0.46 1760 0.35 0.36 0.044 GRMZM2G072322 late embryogenesis 
abundant domain-
containing protein / 
LEA domain-
containing protein  
S10_117569901 10 117569901 7.73E-05 0.46 1760 0.35 0.36 0.044 GRMZM2G072337 Methylthiotransfera
se  
S10_117569901 10 117569901 7.73E-05 0.46 1760 0.35 0.36 0.044 GRMZM2G072174 Photosystem II 
reaction center PsbP 
family protein  
S10_117570602 10 117570602 9.50E-05 0.44 1760 0.35 0.36 0.048 GRMZM2G072322 late embryogenesis 
abundant domain-
containing protein / 
LEA domain-
containing protein 
S10_117570602 10 117570602 9.50E-05 0.44 1760 0.35 0.36 0.048 GRMZM2G072337 Methylthiotransfera
se  
S10_117570602 10 117570602 9.50E-05 0.44 1760 0.35 0.36 0.048 GRMZM2G072174 Photosystem II 
reaction center PsbP 
family protein  
S10_119916389 10 119916389 1.08E-05 0.07 1760 0.35 0.36 0.023 GRMZM2G092325  : expressed protein  
S10_119916389 10 119916389 1.08E-05 0.07 1760 0.35 0.36 0.023 GRMZM2G392168 sequence-specific 
DNA binding 
transcription factors  
S10_125541348 10 125541348 6.31E-06 0.23 1760 0.35 0.36 0.019 GRMZM2G481373 (OTP82): 
Tetratricopeptide 
repeat (TPR)-like 
superfamily protein  
S10_125541348 10 125541348 6.31E-06 0.23 1760 0.35 0.36 0.019 GRMZM2G180716 Cellulase (glycosyl 



















Genes within 10 Kp 
of SNP Annotation 
S10_130511473 10 130511473 4.02E-05 0.25 1760 0.35 0.36 0.034 GRMZM2G005859 : expressed protein  
S10_132371056 10 132371056 1.33E-05 0.18 1760 0.35 0.36 0.024 GRMZM2G017815 Transducin/WD40 
repeat-like 
superfamily protein  
S10_132539027 10 132539027 2.12E-05 0.42 1760 0.35 0.36 0.027 GRMZM2G468756 (RLK): receptor 
lectin kinase  
S10_132539027 10 132539027 2.12E-05 0.42 1760 0.35 0.36 0.027 GRMZM2G468688 : expressed protein  
S10_132539027 10 132539027 2.12E-05 0.42 1760 0.35 0.36 0.027 GRMZM2G468693 Aldolase-type TIM 
barrel family protein  
S10_132539027 10 132539027 2.12E-05 0.42 1760 0.35 0.36 0.027 GRMZM2G168953 NAD(P)-binding 
Rossmann-fold 
superfamily protein  
S10_132552876 10 132552876 8.31E-05 0.11 1760 0.35 0.36 0.046 GRMZM2G468756 (RLK): receptor 
lectin kinase  
S10_132552876 10 132552876 8.31E-05 0.11 1760 0.35 0.36 0.046 GRMZM2G468688  : expressed protein  
S10_132552876 10 132552876 8.31E-05 0.11 1760 0.35 0.36 0.046 GRMZM2G468693 Aldolase-type TIM 
barrel family protein  
S10_132552876 10 132552876 8.31E-05 0.11 1760 0.35 0.36 0.046 GRMZM2G168953 NAD(P)-binding 
Rossmann-fold 
superfamily protein  
S10_132559869 10 132559869 8.90E-05 0.13 1760 0.35 0.36 0.047 GRMZM2G168953 (RLK): receptor 
lectin kinase  
S10_132559869 10 132559869 8.90E-05 0.13 1760 0.35 0.36 0.047 GRMZM2G168976 NAD(P)-binding 
Rossmann-fold 
superfamily protein  
S10_132560022 10 132560022 9.71E-05 0.16 1760 0.35 0.36 0.048 GRMZM2G168953 (RLK): receptor 
lectin kinase  
S10_132560022 10 132560022 9.71E-05 0.16 1760 0.35 0.36 0.048 GRMZM2G168976 NAD(P)-binding 
Rossmann-fold 
superfamily protein  


















Genes within 10 Kp 
of SNP Annotation 
S10_136705214 10 136705214 3.42E-05 0.14 1760 0.35 0.36 0.032 GRMZM2G077069 (AtPP2-A13,PP2-
A13): phloem 
protein 2-A13  
S10_136705214 10 136705214 3.42E-05 0.14 1760 0.35 0.36 0.032 GRMZM2G077082 (TBL11): TRICHOME 
BIREFRINGENCE-
LIKE 11 




superfamily protein  
S10_136705238 10 136705238 2.21E-05 0.14 1760 0.35 0.36 0.027 GRMZM2G077069 (AtPP2-A13,PP2-
A13): phloem 
protein 2-A13  
S10_136705238 10 136705238 2.21E-05 0.14 1760 0.35 0.36 0.027 GRMZM2G077082 (TBL11): TRICHOME 
BIREFRINGENCE-
LIKE 11 




superfamily protein  
S10_137282927 10 137282927 3.23E-06 0.42 1760 0.35 0.36 0.014 GRMZM2G094860 Aluminium activated 
malate transporter 
family protein  
S10_137282927 10 137282927 3.23E-06 0.42 1760 0.35 0.36 0.014 GRMZM5G836567 Spc97 / Spc98 family 
of spindle pole body 
(SBP) component  
S10_137286265 10 137286265 2.87E-06 0.30 1760 0.35 0.36 0.014 GRMZM2G094860 Aluminium activated 
malate transporter 


















Genes within 10 Kp 
of SNP Annotation 
S10_137286265 10 137286265 2.87E-06 0.30 1760 0.35 0.36 0.014 GRMZM5G836567 Spc97 / Spc98 family 
of spindle pole body 
(SBP) component  
S10_137460368 10 137460368 3.78E-05 0.49 1760 0.35 0.36 0.033 AC209206.3_FG014 polyphenol oxidase, 
putative, expressed  
S10_137460396 10 137460396 6.49E-06 0.48 1760 0.35 0.36 0.019 AC209206.3_FG014 polyphenol oxidase, 
putative, expressed  
S10_137460417 10 137460417 1.82E-05 0.49 1760 0.35 0.36 0.026 AC209206.3_FG014 polyphenol oxidase, 
putative, expressed  
S10_137500425 10 137500425 8.98E-05 0.36 1760 0.35 0.36 0.047 GRMZM5G884137 (AtIDD5,IDD5): 
indeterminate(ID)-
domain 5  
S10_138019498 10 138019498 9.06E-05 0.15 1760 0.35 0.36 0.047 GRMZM2G061287 (CYCB2;4): CYCLIN 
B2;4  




S10_138217938 10 138217938 1.04E-04 0.31 1760 0.35 0.36 0.049 GRMZM2G112129   (AGAL2,AtAGAL2): 
alpha-galactosidase 
2 
S10_138217938 10 138217938 1.04E-04 0.31 1760 0.35 0.36 0.049 GRMZM2G112057 (CPK29): calcium-
dependent protein 
kinase 29  
S10_138217938 10 138217938 1.04E-04 0.31 1760 0.35 0.36 0.049 GRMZM2G112100 Subtilase family 
protein  






















Genes within 10 Kp 
of SNP Annotation 




superfamily protein  
S10_139002222 10 139002222 2.37E-05 0.27 1760 0.35 0.36 0.028 GRMZM2G100940 (ARO2): armadillo 
repeat only 2  
S10_139002222 10 139002222 2.37E-05 0.27 1760 0.35 0.36 0.028 GRMZM2G100931 (ATEXPB2,ATHEXP 
BETA 1.4,EXPB2): 
expansin B2  
S10_139002222 10 139002222 2.37E-05 0.27 1760 0.35 0.36 0.028 GRMZM2G402027   C2H2-type zinc 
finger family protein  
S10_139879397 10 139879397 5.73E-05 0.29 1760 0.35 0.36 0.039 GRMZM2G080516 (ATERF-1,ERF-1): 
ethylene responsive 
element binding 
factor 1  
S10_142077960 10 142077960 1.36E-05 0.33 1760 0.35 0.36 0.024 GRMZM2G019986 (GlcNAc1pUT1): N-
acetylglucosamine-
1-phosphate 
uridylyltransferase 1  
S10_142077960 10 142077960 1.36E-05 0.33 1760 0.35 0.36 0.024 GRMZM2G019325 (RPS11-BETA): 
ribosomal protein 
S11-beta  
S10_144528001 10 144528001 1.73E-05 0.15 1760 0.35 0.36 0.025 GRMZM2G445575 (OBF4,TGA4): 
TGACG motif-
binding factor 4  




S10_146329291 10 146329291 1.12E-05 0.08 1760 0.35 0.36 0.023 GRMZM2G400109 RING/U-box 


















Genes within 10 Kp 
of SNP Annotation 




S10_146335890 10 146335890 2.49E-05 0.08 1760 0.35 0.36 0.029 GRMZM2G400109 RING/U-box 
superfamily protein  




S10_146336123 10 146336123 9.87E-05 0.31 1760 0.35 0.36 0.048 GRMZM2G400109 RING/U-box 
superfamily protein  




S10_146338328 10 146338328 6.72E-05 0.11 1760 0.35 0.36 0.042 GRMZM2G400109 RING/U-box 









Appendix J  Sorghum Kernel Composition NIR Calibration Correlations 
Sorghum Calibrations for Mirror Cup and Breeders Cup  
David Honigs, Ph.D.  Perten Instruments, Springfield, IL 11/13/2013  
Introduction  
The DA7250 NIR diode array can be used to measure a variety of properties in grains including sorghum. 
In this study the NIR spectra from a series of 100 samples were collected in two different methods 
designed for smaller quantity samples, and then the samples were analyzed for a variety of proximate 
constituents. The results of those data were analyzed individually and together with existing sorghum 
data that was collected from much larger samples.  
Experimental  
A Perten DA7250 was used to collect NIR spectra of sorghum samples in the breeder’s cup and the mirror 
cup. The breeder’s cup is used to measure small sample quantities and the mirror cup measures spectra 
on even smaller sample sets. A series of 100 samples were used for this data collection. The spectral data 
was reviewed for its overall characteristics and then combined with data from other samples. A series of 
new calibrations were developed.  
Small Sample Moisture  
Figure 1 shows the PLS calibration of the 100 sample spectra for moisture.  
Figure 1 - Breeders Cup NIR Calibration  
 
The calibration error of 0.2% moisture is reasonably accurate, but the limited range of moistures makes 







calibration is not much better than simply guessing the average moisture. The apparent accuracy comes 
from the fact that the moisture levels are not changing much.  
 
Combined Data  
Combining the data from the breeder’s cup, the mirror cup and the previous Perten data was evaluated 
by making a score v score plot of the principal component analysis of all the NIR spectra. This plot is 
shown in Figure 2. The data are colored with dark blue being the original Perten Data, light blue is the 
breeder’s cup data and yellow is the mirror cup data.  The three distributions seem to overlap extremely 
well.  
2 - Score v Score Plot  
 
















Figure 3 - Moisture in Sorghum using All Data  
 
By adding all of the data the error increased slightly, but the range of the calibration is much improved. 
The previous data had two groups widely separated in moisture. The added data falls between those 
extremes.  By having a much wider range the coefficient of determination and the RPD values are much 
improved.  This calibration should be much more robust over a wider range of moistures.   
For the rest of the constituents the combined data set will be used for the calibration.  
The protein calibration for the entire data set is shown in Figure 4. The previous data and the new data 
cover different protein ranges and the two complement each other well to improve the calibration range.  
 








The calibration error of the combined protein sets was 0.55%. Breaking the error down by groups:   
Previous data was 0.43%,   
Breeder’s cup was 0.59%   
Mirror cup was 0.62%    
  
The bias between cups was not statistically significant and ranged between +/- 0.04% protein. These 
results confirm that the data fit together well in an unbiased way and that the accuracy of the breeder’s 
cup and mirror cup presentations are comparable.  
The statistics for the remaining parameters are listed in the following figures.  
Figure 5 Starch Calibration Combined Sets Data  
 
For starch the range is limited the RPD value is 1.16 which is not much better than guessing the average. 
















Figure 6  Fat Calibration Combined Sets Data  
 
Once again, the RPD value is small. This calibration does not cover enough range as compared to the 
error for it to be reliable. The binning comes from the digitization of the lab values to the hundredths of a 
percent.  There are not many historical samples with oil/fat values.  
 











Figure 8 - Total Digestible Nutrients Calibration  
 
The TDN calibration is like the ADF calibration. Each of these calibrations is right on the edge of the 
RPD=1.75 cutoff point.  If the data had a bit more range in the concentrations, the calibration statistics 
should improve and the RPD would increase.  Several of the following calibrations are in this same 






























The moisture and protein calibrations using the combined data sets are strong. Some of the energy 
calibrations are on the line between acceptable and unacceptable. The breeder’s cup and the mirror cup 










Appendix K Sorghum Kernel Composition SAS Code for BLUP Analysis 
Below is BLUP SAS code for the trait ADF, all other traits use similar code for BLUP 
calculations 
 /****** For Combined analysis of ADF*/ 
 
data WL; 
infile 'U:\Research Projects\Kernel Composition\Perten Sorghum 
Runs\Compiled Final File Sorghum NIR West Lafayette.csv ' dsd 
firstobs=2 missover; 
input Plot$ GroupID$ Name$ Range Row Block Moisture Protein 
Starch TDN ADF NEG NEL NEM treatn$ new loc; 
   Loc = '1'; 
   if GroupID= 'C1' then GroupID= '3000'; 
   if GroupID= 'C2' then GroupID= '4000'; 
Data WLAVG; 
 set WL; 
 keep Plot Range Row GROUPID Block Protein Starch TDN ADF NEG 
NEL NEM  treatn new loc; 
proc sort; 
by Block plot; 
run; 
Data WLAVG1; 
 set WL; 
 keep Block GROUPID treatn new ADF; 
 rename Block =BlockWL; 
 rename ADF = ADFWL; 
proc sort; 
by GroupID ; 
run; 
data EF; 
infile 'U:\Research Projects\Kernel Composition\Perten Sorghum 
Runs\Compiled Final File Sorghum NIR Champaign.csv' dsd 
firstobs=2 missover; 
input Plot$ GroupID$ Name$ Range Row Block Moisture Protein 
Starch TDN ADF NEG NEL NEM treatn$ new loc; 
   Loc = '2'; 
   if GroupID= 'C1' then GroupID= '3000'; 
   if GroupID= 'C2' then GroupID= '4000'; 
Data EFAVG; 
 set EF; 
 keep Plot Range Row GROUPID Block Protein Starch TDN ADF NEG 
NEL NEM  treatn new loc; 
proc sort; 
by Block plot; 
run; 
Data EFAVG1; 
 set EF; 
 keep Block GROUPID treatn new ADF; 
 rename Block =BlockEF; 













infile 'U:\Research Projects\Kernel Composition\Perten Sorghum 
Runs\Compiled Final File Sorghum NIR Monmouth.csv' dsd firstobs=2 
missover; 
input Plot$ GroupID$ Name$ Range Row Block Moisture Protein 
Starch TDN ADF NEG NEL NEM treatn$ new loc; 
   Loc = '3'; 
   if GroupID= 'C1' then GroupID= '3000'; 
   if GroupID= 'C2' then GroupID= '4000'; 
Data MNAVG; 
 set MN; 
 keep Plot Range Row GROUPID Block Protein Starch TDN ADF NEG 
NEL NEM  treatn new loc; 
proc sort; 
by Block plot; 
run; 
Data MNAVG1; 
 set MN; 
 keep Block GROUPID treatn new ADF; 
 rename Block =BlockMN; 
 rename ADF = ADFMN; 
proc sort; 
by GroupID ; 
run; 
Data SorgComb;  
set WLAVG EFAVG MNAVG; 
run;  
proc sort; 
by Block plot; 
run; 
Data SorgComb1;  
merge WLAVG1 EFAVG1 MNAVG1; 
by GroupID; 
keep BlockWL BlockEF BlockMN GroupID treatn new ADFWL ADFEF 
ADFMN; 
run;  
proc print data=sorgcomb; run; 
 
/* To run an ANOVA on Starch*/ 
proc glm data=sorgcomb; 
class groupid loc block; 
model ADF=groupid loc block(loc); 
random loc block(loc); 
run; 
 
/*To calculate BLUP*/ 
proc mixed data=SorgComb; 
class loc Block GroupID treatn; 
model ADF = treatn /solution; 












proc sort data = sr; 
by effect loc; 
 
 /* Attempt to combine the Estimates for the different traits with the 
original data to compute BLUPs*/ 
Data LS; 
 set lsm; 
 rename Estimate=ADFuMean; 
proc sort Data=LS; 
 By treatn; 
 run; 
proc sort data=SorgComb1; 
 By treatn; 
 run; 
Data ADFREP; 
 merge LS SorgComb1; 
 By treatn; 
 keep BlockWL BlockEF BlockMN treatn GROUPID ADFuMean ADFWL ADFEF 
ADFMN;   
Data ADFRan; 
 set sr; 
 if Effect= 'loc' then delete; 
 if GroupID= " " then ADFRan=Estimate; 
 else delete; 
Data ADFEST; 
 set sr; 
 if GroupID= '' then delete; 
 keep GroupID Estimate; 
 rename Estimate=ADFEst; 
run;  
Data ADFBlockWL; 
 set ADFRan; 
 if Loc=1 then ADFBlockWL=ADFRan; 
 else delete; 
 keep  Effect Block ADFBlockWL; 
 rename Block=BlockWL; 
Proc sort data=ADFBLockWL; 
 by BlockWL; 
 run; 
Data ADFBLockEF; 
 set ADFRan; 
 if Loc=2 then ADFBLockEF=ADFRan; 
 else delete; 
 keep Effect Block ADFBLockEF; 
 rename Block=BlockEF; 
Proc Sort data=ADFBLockEF; 
 by BlockEF; 
 run; 
Data ADFBLockMN; 







 if Loc=3 then ADFBLockMN=ADFRan; 
 else delete; 
 keep Effect Block ADFBLockMN; 
 rename Block=BlockMN; 
 
Proc Sort data=ADFBLockMN; 
 by BlockMN; 
 run; 
proc sort data=SorgComb1; 
 by BlockWL; 
 run; 
data ADFBlockWLComb; 
 merge SorgComb1 ADFBlockWL; 
 by BlockWL; 
keep BlockWL BlockEF BlockMN treatn GroupID ADFBLockWL ADFWL 
ADFEF ADFMN; 
proc sort data=SorgComb1; 
 by BlockEF; 
 run; 
data ADFBlockEFComb; 
 merge SorgComb1 ADFBlockEF; 
 by BlockEF; 
keep BlockWL BlockEF BlockMN treatn GroupID ADFBLockEF ADFWL 
ADFEF ADFMN;  
proc sort data=SorgComb1; 
 by BlockMN; 
 run; 
data ADFBlockMNComb; 
 merge SorgComb1 ADFBlockMN; 
 by BlockMN; 
keep BlockWL BlockEF BlockMN treatn GroupID ADFBLockMN ADFWL 
ADFEF ADFMN;  
proc sort data=ADFBlockWLComb; 
 by GroupID; 
 run; 
proc sort data=ADFBlockEFComb; 
 by GroupID; 
 run; 
proc sort data=ADFBlockMNComb; 
 by GroupID; 
 run; 
data ADFBlockComb; 
 merge ADFBlockWLComb ADFBlockEFComb ADFBlockMNComb; 
 by GroupID; 
keep BlockWL BlockEF BlockMN treatn GroupID ADFBlockWL ADFBlockEF 
ADFBlockMN ADFWL ADFEF ADFMN; 
data combranrep; 
 merge ADFBlockComb ADFRep; 
 run; 
proc sort data=combranrep; 
 by GroupID; 
 run; 
proc sort data=ADFEst; 









 merge CombRanRep ADFEST; 
 by GroupID; 
ADFBLUP= (ADFEST + ADFBlockWL + ADFBlockEF + ADFBlockMN + 
ADFuMean); 
 if ADFWL='.' then ADFBLUP='.'; 
 if ADFEF='.' then ADFBLUP='.'; 
 if ADFMN='.' then ADFBLUP='.'; 
keep BlockWL BlockEF BlockMN treatn GROUPID ADFWL ADFEF ADFMN 
ADFEST ADFBlockWL ADFBlockEF ADFBlockMN ADFuMean ADFBLUP; 
 run;  
 proc print; run; 
/*To check for normality of the BLUP data*/ 
proc univariate data = combinedADF; 
 qqplot ADFblup; 
 histogram ADFBLUP; 
 run; 
 
/* To Check to see if transformations necessary*/ 
proc transreg data= combinedADF; 
 model Box (ADFBLUP / lambda = 0 to 1 by 0.5)= class(GroupID);  
 run; 
/*To Compute the transformed BLUP value based on the BOXCOX 
suggestions*/ 
Data ADFfinal; 
 set combinedADF; 
 ADFBLUP= (log(ADFBLUP)); 
 keep groupid ADF ADFblup; 
 run; 
/*To Confirm transformation went properly*/ 
proc univariate data = ADFfinal; 
 qqplot ADFBLUP; 
 histogram ADFBLUP; 
 run; 
/*Using the NON-Transformed ADF Data*/ 
proc print data=CombinedADF;run; 
 
proc export DATA= CombinedADF outfile="U:\Research Projects\Kernel 
Composition\Perten Sorghum Runs\BLUPs Calculated\CombinedADF.csv" 
dbms=CSV   





















Appendix L  Sorghum Kernel Composition R Code for GWAS Analysis 
Below is R GWAS code for the trait ADF, all other traits use similar code for GWAS 
analysis 
##########FOR ADF TRAIT GWAS######### 

















load("~/Research Projects/GAPIT/Sorghum Geno 
Files/gapitsnps_sb_1797_140430.RData")  
load("~/Research Projects/GAPIT/Sorghum Geno 
Files/gapitinfo_sb_1797_140430.RData")   
#rename and change format 
snps[,1]=as.character(snps[,1]) 
myGD = snps; rm(snps) 
myGM = snp_info;rm(snp_info) 
 
##set paths to phenotype file and ouput directory 
##Phenotype file should be tab-delimited text, with first column ("Taxa") that contains 
entry names exactly as they appear in the genotypes file, 
##and an additional column for each phenotype. Each phenotype column should have a 








pheno_file="~/Research Projects/Kernel Composition/Perten Sorghum Runs/GAPIT 
RUNS/Combined/ash/ash.txt" 
#output directory should be a new empty, appropriately named directory --this script 
will fill it up with files 
output_directory="~/Research Projects/Kernel Composition/Perten Sorghum 
Runs/GAPIT RUNS/Combined/ash" 
 
##Load phenotypes and set working directory for gapit output 
myY = read.table(pheno_file, header = T,sep="\t",stringsAsFactors=F) 
myY=myY[order(myY[,1]),] 
 
#only include lines for which we have both phenotypes and genotypes 
#ordering:myY automatically gets ordered alphabetically in the step above. myGD is 
already ordered alphabetically. 









##Prune SNPs to only include those with with maf >= 0.05 for your phenotype-genotype 
dataset 
maf=c() 
for (i in 2:ncol(myGDtemp)){ 
  maf[i]=mean(myGDtemp[,i])/2 















for (i in 2:ncol(myGDtemp)){ 
  identical[i]=sum(myGDtemp[,i]==myGDtemp[,(i-1)])==nrow(myGDtemp) & 
myGMtemp[i,3]-myGMtemp[(i-1),3]<64 







#run gapit with default options 
#setwd(output_directory) 
#myGAPIT <- GAPIT(Y=myY, GD=myGDtemp,GM=myGMtemp) 
 
#run gapit using MLM instead of CMLM 
setwd(output_directory) 
myGAPIT <- GAPIT(Y=myY,  
                 GD=myGDtemp, 
                 GM=myGMtemp, 
                 group.from=100, 
















Appendix M Sorghum Kernel Composition ANOVA Outputs 
M-1  Sorghum Kernel ADF ANOVA 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 921 3132.857 3.401582 9.24 <.0001 
Error 1595 587.3011 0.368214 
  Corrected Total 2516 3720.158 
   
      R-Square Coeff Var Root MSE ADF Mean 
 0.84213 9.99463 0.606806 6.071323 
  
      
      Source DF Type I SS Mean Square F Value Pr > F 
GroupID 836 2290.382 2.739692 7.44 <.0001 
loc 2 779.9954 389.9977 1059.16 <.0001 
Block(loc) 83 62.47894 0.752758 2.04 <.0001 
      Source DF Type III SS Mean Square F Value Pr > F 
GroupID 836 2237.208 2.676087 7.27 <.0001 
loc 2 780.9242 390.4621 1060.42 <.0001 




































M-2  Sorghum Kernel NEG ANOVA 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 923 7872.16 8.528884 8.92 <.0001 
Error 1561 1491.804 0.955672 
  Corrected Total 2484 9363.965 
   
      R-Square Coeff Var Root MSE ADF Mean 
 0.840687 1.62031 0.977585 60.33319 
  
      
      Source DF Type I SS Mean Square F Value Pr > F 
GroupID 838 6175.11 7.368866 7.71 <.0001 
loc 2 1208.077 604.0384 632.06 <.0001 
Block(loc) 83 488.9738 5.89125 6.16 <.0001 
      Source DF Type III SS Mean Square F Value Pr > F 
GroupID 838 6117.684 7.300339 7.64 <.0001 
loc 2 1185.413 592.7063 620.2 <.0001 







































M-3  Sorghum Kernel NEL ANOVA 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 923 217.4601 0.235601 9.89 <.0001 
Error 1602 38.15546 0.023817 
  Corrected Total 2525 255.6155 
  
 
      R-Square Coeff Var Root MSE ADF Mean 
 0.850731 0.17356 0.154329 88.91941 
  
      
      Source DF Type I SS Mean Square F Value Pr > F 
GroupID 838 160.9665 0.192084 8.06 <.0001 
loc 2 52.92801 26.464 1111.12 <.0001 
Block(loc) 83 3.56551 0.042958 1.8 <.0001 
      Source DF Type III SS Mean Square F Value Pr > F 
GroupID 838 156.3301 0.186552 7.83 <.0001 
loc 2 53.06933 26.53467 1114.09 <.0001 
























M-4  Sorghum Kernel NEM ANOVA 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 925 14227.66 15.38126 11.15 <.0001 
Error 1615 2228.409 1.37982 
  Corrected Total 2540 16456.07 
  
 
      R-Square Coeff Var Root MSE ADF Mean 
 0.864584 1.278756 1.174657 91.85939 
  
      
      Source DF Type I SS Mean Square F Value Pr > F 
GroupID 840 11022.55 13.12209 9.51 <.0001 
loc 2 3000.837 1500.419 1087.4 <.0001 
Block(loc) 83 204.2733 2.46112 1.78 <.0001 
      Source DF Type III SS Mean Square F Value Pr > F 
GroupID 840 10476.16 12.47162 9.04 <.0001 
loc 2 3004.776 1502.388 1088.83 <.0001 







































M-5  Sorghum Kernel Protein ANOVA 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 926 4998.536 5.397988 5.28 <.0001 
Error 1622 1657.988 1.022188 
  Corrected Total 2548 6656.525 
  
 
      R-Square Coeff Var Root MSE ADF Mean 
 0.750923 7.842927 1.011033 12.89102 
  
      
      Source DF Type I SS Mean Square F Value Pr > F 
GroupID 841 4675.935 5.55997 5.44 <.0001 
loc 2 133.9365 66.96826 65.51 <.0001 
Block(loc) 83 188.6651 2.273073 2.22 <.0001 
      Source DF Type III SS Mean Square F Value Pr > F 
GroupID 841 4577.375 5.442777 5.32 <.0001 
loc 2 136.0897 68.04486 66.57 <.0001 








































M-6  Sorghum Kernel TDN ANOVA 
Source DF Sum of Squares Mean Square F Value Pr > F 
Model 924 8406.871 9.098345 12.7 <.0001 
Error 1558 1115.776 0.716159 
  Corrected Total 2482 9522.647 
  
 
      R-Square Coeff Var Root MSE ADF Mean 
 0.882829 1.013702 0.846262 83.48228 
  
      
      Source DF Type I SS Mean Square F Value Pr > F 
GroupID 839 5037.546 6.004227 8.38 <.0001 
loc 2 3182.382 1591.191 2221.84 <.0001 
Block(loc) 83 186.9422 2.252316 3.14 <.0001 
      Source DF Type III SS Mean Square F Value Pr > F 
GroupID 839 5110.956 6.091723 8.51 <.0001 
loc 2 3188.829 1594.415 2226.34 <.0001 















Appendix N Sorghum Kernel Composition Candidate Genes 
 
N-1  Sorghum Kernel Acid Detergent Fiber (ADF) Candidate Genes 












Gene within 20 
KB Annotation 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023750.1 hAT family C-terminal 
dimerisation region 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023790.1 ALPHA-AMYLASE 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023780.1 UNCHARACTERIZED 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023770.1 Cytochrome P450 CYP2 
subfamily 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023765.1 NA 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023760.1 NA 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023740.1 NA 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023730.1 Zinc finger, C3HC4 type 
(RING finger) 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023720.1 XANTHINE-URACIL / 
VITAMIN C PERMEASE 
FAMILY MEMBER 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023710.1 Protein of unknown 
function (DUF3353) 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023700.1 NA 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023690.1 AMP-binding enzyme 























Gene within 20 
KB Annotation 
pstI_2_57617151 2 57617151 4.05E-07 0.26 682 0.24 0.27 0.023 Sb02g023660.1 Glycosyl hydrolase 
family 81 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g028920.1 B-box zinc finger 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g028930.1 Mitochondrial carrier 
protein 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g028940.1 Plastocyanin-like domain 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g028950.1 NA 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g028960.1 SRF-type transcription 
factor (DNA-binding and 
dimerisation domain) 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g028970.1 PPR repeat 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g028980.1 RNA recognition motif. 
(a.k.a. RRM, RBD, or RNP 
domain) 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g028990.1 ASPARTYL PROTEASES 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029000.1 Aluminium activated 
malate transporter 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029010.1 UNCHARACTERIZED 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029020.1 NHL repeat 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029030.1 K+ potassium 
transporter 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029035.1 PRE-MRNA SPLICING 
FACTOR PRP31 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029040.1 ALDEHYDE 
DEHYDROGENASE 
























Gene within 20 
KB Annotation 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029060.1 Zinc finger, C3HC4 type 
(RING finger) 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029070.1 tRNA synthetases class I 
(M) 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029080.1 Homeobox associated 
leucine zipper 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029090.1 NA 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029100.1 Rhodanese-like domain 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029110.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029120.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029130.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029140.1 TETRASPANIN 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029150.1 RIBOSOMAL RNA 
PROCESSING PROTEIN 7-
RELATED 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029160.1 Ribosomal protein 
L7Ae/L30e/S12e/Gadd4
5 family 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029170.1 LEUCINE-RICH REPEAT 
RECEPTOR-LIKE PROTEIN 
KINASE 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029180.1 GATA-4/5/6 
transcription factors 
pstI_4_59095899 4 59095899 1.27E-06 0.36 682 0.24 0.27 0.036 Sb04g029190.1 LONGEVITY ASSURANCE 











N-2 Sorghum Kernel Net Energy of Lactation (NEL) Candidate Genes 












Gene within 200 
KB Annotation 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034918.1 NA 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034930.1 Zinc finger, C3HC4 type 
(RING finger) 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034940.1 NA 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034950.1 X-BOX TRANSCRIPTION 
FACTOR-RELATED 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034960.1 Protein of unknown 
function (DUF642) 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034970.1 ALDO/KETO REDUCTASE 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034980.1 VOLTAGE AND LIGAND 
GATED POTASSIUM 
CHANNEL 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034990.1 NA 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035000.1 gibberellin 2-oxidase 
[EC:1.14.11.13] 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035010 ATP binding 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035010.1 ATPase family associated 
with various cellular 
activities (AAA) 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035020.1 Calcyclin-binding protein 
CacyBP 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035030.1 NA 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035040.1 PPR repeat 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035050.1 DNA REPAIR POLYMERASE 
UMUC / TRANSFERASE 
FAMILY MEMBER 























Gene within 200 
KB Annotation 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035060.1 2-DEOXYGLUCOSE-6-
PHOSPHATE 
PHOSPHATASE 2 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035070.1 COPPER TRANSPORT 
PROTEIN ATOX1 (METAL 
TRANSPORT PROTEIN 
ATX1) 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035080.1 Dof domain, zinc finger 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035090.1 Phosphoenolpyruvate 
carboxylase 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035100.1 PHOSPHATIDATE 
CYTIDYLYLTRANSFERASE 
pstI_3_63184638 3 63184638 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035110.1 NA 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034918.1 NA 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034930.1 Zinc finger, C3HC4 type 
(RING finger) 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034940.1 NA 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034950.1 X-BOX TRANSCRIPTION 
FACTOR-RELATED 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034960.1 Protein of unknown 
function (DUF642) 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034970.1 ALDO/KETO REDUCTASE 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034980.1 VOLTAGE AND LIGAND 
GATED POTASSIUM 
CHANNEL 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g034990.1 NA 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035000.1 gibberellin 2-oxidase 
[EC:1.14.11.13] 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035010 ATP binding 























Gene within 200 
KB Annotation 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035010.1 ATPase family associated 
with various cellular 
activities (AAA) 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035020.1 Calcyclin-binding protein 
CacyBP 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035030.1 NA 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035040.1 PPR repeat 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035050.1 DNA REPAIR POLYMERASE 
UMUC / TRANSFERASE 
FAMILY MEMBER 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035060.1 2-DEOXYGLUCOSE-6-
PHOSPHATE 
PHOSPHATASE 2 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035070.1 COPPER TRANSPORT 
PROTEIN ATOX1 (METAL 
TRANSPORT PROTEIN 
ATX1) 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035080.1 Dof domain, zinc finger 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035090.1 Phosphoenolpyruvate 
carboxylase 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035100.1 PHOSPHATIDATE 
CYTIDYLYLTRANSFERASE 
pstI_3_63184681 3 63184681 7.88E-07 0.06 687 0.25 0.28 0.022 Sb03g035110.1 NA 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023750.1 hAT family C-terminal 
dimerisation region 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023790.1 ALPHA-AMYLASE 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023780.1 UNCHARACTERIZED 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023770.1 Cytochrome P450 CYP2 
subfamily 























Gene within 200 
KB Annotation 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023760.1 NA 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023740.1 NA 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023730.1 Zinc finger, C3HC4 type 
(RING finger) 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023720.1 XANTHINE-URACIL / 
VITAMIN C PERMEASE 
FAMILY MEMBER 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023710.1 Protein of unknown 
function (DUF3353) 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023700.1 NA 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023690.1 AMP-binding enzyme 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023680.1 Cytochrome P450 
pstI_2_57617151 2 57617151 1.44E-06 0.26 687 0.25 0.28 0.022 Sb02g023660.1 Glycosyl hydrolase family 
81 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g028920.1 B-box zinc finger 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g028930.1 Mitochondrial carrier 
protein 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g028940.1 Plastocyanin-like domain 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g028950.1 NA 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g028960.1 SRF-type transcription 
factor (DNA-binding and 
dimerisation domain) 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g028970.1 PPR repeat 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g028980.1 RNA recognition motif. 
(a.k.a. RRM, RBD, or RNP 
domain) 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g028990.1 ASPARTYL PROTEASES 
























Gene within 200 
KB Annotation 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029010.1 UNCHARACTERIZED 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029020.1 NHL repeat 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029030.1 K+ potassium transporter 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029035.1 PRE-MRNA SPLICING 
FACTOR PRP31 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029040.1 ALDEHYDE 
DEHYDROGENASE 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029050.1 Zinc finger, C3HC4 type 
(RING finger) 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029060.1 Zinc finger, C3HC4 type 
(RING finger) 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029070.1 tRNA synthetases class I 
(M) 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029080.1 Homeobox associated 
leucine zipper 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029090.1 NA 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029100.1 Rhodanese-like domain 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029110.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029120.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029130.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029140.1 TETRASPANIN 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029150.1 RIBOSOMAL RNA 
PROCESSING PROTEIN 7-
RELATED 

























Gene within 200 
KB Annotation 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029170.1 LEUCINE-RICH REPEAT 
RECEPTOR-LIKE PROTEIN 
KINASE 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029180.1 GATA-4/5/6 transcription 
factors 
pstI_4_59095899 4 59095899 1.56E-06 0.36 687 0.25 0.28 0.022 Sb04g029190.1 LONGEVITY ASSURANCE 













N-3 Sorghum Kernel Net Energy of Maintenance (NEM) Candidate Genes 












Gene within 20 
KB Annotation 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023750.1 hAT family C-terminal 
dimerisation region 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023790.1 ALPHA-AMYLASE 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023780.1 UNCHARACTERIZED 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023770.1 Cytochrome P450 CYP2 
subfamily 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023765.1 NA 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023760.1 NA 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023740.1 NA 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023730.1 Zinc finger, C3HC4 type (RING 
finger) 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023720.1 XANTHINE-URACIL / VITAMIN 
C PERMEASE FAMILY 
MEMBER 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023710.1 Protein of unknown function 
(DUF3353) 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023700.1 NA 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023690.1 AMP-binding enzyme 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023680.1 Cytochrome P450 
pstI_2_57617151 2 57617151 1.42E-08 0.26 697 0.24 0.28 0.001 Sb02g023660.1 Glycosyl hydrolase family 81 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023750 hAT family C-terminal 
dimerisation region 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023740 NA 























Gene within 20 
KB Annotation 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023780.1 UNCHARACTERIZED 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023770.1 Cytochrome P450 CYP2 
subfamily 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023765.1 NA 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023760.1 NA 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023730.1 Zinc finger, C3HC4 type (RING 
finger) 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023720.1 XANTHINE-URACIL / VITAMIN 
C PERMEASE FAMILY 
MEMBER 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023710.1 Protein of unknown function 
(DUF3353) 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023700.1 NA 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023690.1 Acyl-CoA synthetase 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023680.1 Cytochrome P450 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023660.1 Glycosyl hydrolase family 81 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023650.1 Homeobox associated leucine 
zipper 
pstI_2_57604889 2 57604889 1.47E-07 0.35 697 0.24 0.27 0.004 Sb02g023640.1 UDP-glucoronosyl and UDP-
glucosyl transferase 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023765.1 NA 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023840.1 Helicase conserved C-
terminal domain 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023680.1 Cytochrome P450 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023690.1 AMP-binding enzyme 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023700.1 NA 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023710.1 Protein of unknown function 
(DUF3353) 























Gene within 20 
KB Annotation 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023720.1 XANTHINE-URACIL / VITAMIN 
C PERMEASE FAMILY 
MEMBER 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023730.1 Zinc finger, C3HC4 type (RING 
finger) 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023740.1 NA 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023750.1 hAT family C-terminal 
dimerisation region 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023760.1 NA 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023770.1 Cytochrome P450 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023780.1 UNCHARACTERIZED 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023790.1 ALPHA-AMYLASE 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023800.1 CYCLINE 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023810.1 NA 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023820.1 NA 
pstI_2_57649504 2 57649504 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023830.1 MITOGEN-ACTIVATED KINASE 
KINASE KINASE 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023765.1 NA 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023840.1 Helicase conserved C-
terminal domain 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023680.1 Cytochrome P450 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023690.1 AMP-binding enzyme 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023700.1 NA 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023710.1 Protein of unknown function 
(DUF3353) 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023720.1 XANTHINE-URACIL / VITAMIN 
C PERMEASE FAMILY 
MEMBER 























Gene within 20 
KB Annotation 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023730.1 Zinc finger, C3HC4 type (RING 
finger) 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023740.1 NA 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023750.1 hAT family C-terminal 
dimerisation region 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023760.1 NA 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023770.1 Cytochrome P450 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023780.1 UNCHARACTERIZED 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023790.1 ALPHA-AMYLASE 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023800.1 CYCLINE 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023810.1 NA 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023820.1 NA 
pstI_2_57649529 2 57649529 3.13E-07 0.33 697 0.24 0.27 0.004 Sb02g023830.1 MITOGEN-ACTIVATED KINASE 
KINASE KINASE 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023765.1 NA 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023840.1 Helicase conserved C-
terminal domain 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023680.1 Cytochrome P450 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023690.1 AMP-binding enzyme 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023700.1 NA 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023710.1 Protein of unknown function 
(DUF3353) 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023720.1 XANTHINE-URACIL / VITAMIN 
C PERMEASE FAMILY 
MEMBER 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023730.1 Zinc finger, C3HC4 type (RING 
finger) 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023740.1 NA 























Gene within 20 
KB Annotation 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023750.1 hAT family C-terminal 
dimerisation region 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023760.1 NA 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023770.1 Cytochrome P450 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023780.1 UNCHARACTERIZED 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023790.1 ALPHA-AMYLASE 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023800.1 CYCLINE 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023810.1 NA 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023820.1 NA 
pstI_2_57649520 2 57649520 5.14E-07 0.33 697 0.24 0.27 0.006 Sb02g023830.1 MITOGEN-ACTIVATED KINASE 
KINASE KINASE 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023730 Zinc finger, C3HC4 type (RING 
finger) 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023720 Xanthine/uracil transporters 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023780.1 UNCHARACTERIZED 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023770.1 Cytochrome P450 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023765.1 NA 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023760.1 NA 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023750.1 hAT family C-terminal 
dimerisation region 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023740.1 NA 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023710.1 NA 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023700.1 NA 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023690.1 AMP-binding enzyme 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023680.1 Cytochrome P450 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023660.1 Glycosyl hydrolase family 81 
























Gene within 20 
KB Annotation 
pstI_2_57582078 2 57582078 8.57E-07 0.33 697 0.24 0.27 0.007 Sb02g023650.1 Homeobox associated leucine 
zipper 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023765 NA 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023680.1 Cytochrome P450 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023690.1 AMP-binding enzyme 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023700.1 NA 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023710.1 Protein of unknown function 
(DUF3353) 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023720.1 XANTHINE-URACIL / VITAMIN 
C PERMEASE FAMILY 
MEMBER 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023840.1 Helicase conserved C-
terminal domain 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023830.1 MITOGEN-ACTIVATED KINASE 
KINASE KINASE 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023820.1 NA 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023810.1 NA 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023800.1 CYCLINE 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023790.1 ALPHA-AMYLASE 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023780.1 UNCHARACTERIZED 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023770.1 Cytochrome P450 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023760.1 NA 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023750.1 hAT family C-terminal 
dimerisation region 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023740.1 NA 
pstI_2_57649524 2 57649524 9.02E-07 0.33 697 0.24 0.27 0.007 Sb02g023730.1 Zinc finger, C3HC4 type (RING 
finger) 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g028920.1 B-box zinc finger 























Gene within 20 
KB Annotation 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g028940.1 Plastocyanin-like domain 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g028950.1 NA 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g028960.1 SRF-type transcription factor 
(DNA-binding and 
dimerisation domain) 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g028970.1 PPR repeat 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g028980.1 RNA recognition motif. (a.k.a. 
RRM, RBD, or RNP domain) 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g028990.1 ASPARTYL PROTEASES 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029000.1 Aluminium activated malate 
transporter 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029010.1 UNCHARACTERIZED 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029020.1 NHL repeat 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029030.1 K+ potassium transporter 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029035.1 PRE-MRNA SPLICING FACTOR 
PRP31 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029040.1 ALDEHYDE DEHYDROGENASE 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029050.1 Zinc finger, C3HC4 type (RING 
finger) 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029060.1 Zinc finger, C3HC4 type (RING 
finger) 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029070.1 tRNA synthetases class I (M) 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029080.1 Homeobox associated leucine 
zipper 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029090.1 NA 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029100.1 Rhodanese-like domain 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029110.1 Arabidopsis proteins of 
unknown function 























Gene within 20 
KB Annotation 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029120.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029130.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029140.1 TETRASPANIN 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029150.1 RIBOSOMAL RNA 
PROCESSING PROTEIN 7-
RELATED 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029160.1 Ribosomal protein 
L7Ae/L30e/S12e/Gadd45 
family 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029170.1 LEUCINE-RICH REPEAT 
RECEPTOR-LIKE PROTEIN 
KINASE 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029180.1 GATA-4/5/6 transcription 
factors 
pstI_4_59095899 4 59095899 2.09E-06 0.36 697 0.24 0.27 0.015 Sb04g029190.1 LONGEVITY ASSURANCE 












N-4 Sorghum Kernel Protein Candidate Genes 












Gene within 20 
KB Annotation 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027900 NA 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027890 2Fe-2S iron-sulfur cluster 
binding domain 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027870 Protein phosphatase 2A 
regulatory B subunit (B56 
family) 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027750.1 QUIESCIN Q6-RELATED 
SULFHYDRYL OXIDASE 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027760.1 UDP-
GLUCOSYLTRANSFERASE 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027770.1 NA 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027780.1 NA 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027790.1 ATP synthase F1 beta 
subunit 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027800.1 Myb-like DNA-binding 
domain 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027810.1 SYNTAXIN 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027820.1 ANTI-SILENCING PROTEIN 1 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027830.1 MULTIDRUG RESISTANCE 
PROTEIN 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027840.1 Rab5-interacting protein 
(Rab5ip) 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027850.1 PHOSPHATIDYLSERINE 
SYNTHASE 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027860.1 NA 
           























Gene within 20 
KB Annotation 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027870.1 SERINE/THREONINE 
PROTEIN PHOSPHATASE 2A 
(PP2A) REGULATORY 
SUBUNIT B 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027890.1 FERREDOXIN 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027900.1 NA 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027910.1 Glutamine 
amidotransferases class-II 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027920.1 NA 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027930.1 Ribosomal protein L35Ae 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027940.1 NA 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027945.1 OXIDOREDUCTASE, 2OG-
FE(II) OXYGENASE FAMILY 
PROTEIN 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027950.1 OXIDOREDUCTASE, 2OG-
FE(II) OXYGENASE FAMILY 
PROTEIN 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027960.1 Dynamin GTPase effector 
domain 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027970.1 Wax ester synthase-like 
Acyl-CoA acyltransferase 
domain 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027980.1 HEPATOCELLULAR 
CARCINOMA-ASSOCIATED 
ANTIGEN 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027983.1 Kinesin motor domain 
pstI_9_56910830 9 56910830 6.03E-07 0.08 703 0.09 0.12 0.034 Sb09g027986.1 NA 












N-5 Sorghum Kernel Total Digestible Nutrients (TDN) Candidate Genes 












Gene within 20 
KB Annotation 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g028920.1 B-box zinc finger 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g028930.1 Mitochondrial carrier protein 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g028940.1 Plastocyanin-like domain 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g028950.1 NA 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g028960.1 SRF-type transcription factor 
(DNA-binding and 
dimerisation domain) 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g028970.1 PPR repeat 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g028980.1 RNA recognition motif. (a.k.a. 
RRM, RBD, or RNP domain) 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g028990.1 ASPARTYL PROTEASES 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029000.1 Aluminium activated malate 
transporter 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029010.1 UNCHARACTERIZED 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029020.1 NHL repeat 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029030.1 K+ potassium transporter 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029035.1 PRE-MRNA SPLICING FACTOR 
PRP31 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029040.1 ALDEHYDE DEHYDROGENASE 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029050.1 Zinc finger, C3HC4 type (RING 
finger) 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029060.1 Zinc finger, C3HC4 type (RING 
finger) 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029070.1 tRNA synthetases class I (M) 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029080.1 Homeobox associated leucine 
zipper 























Gene within 20 
KB Annotation 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029090.1 NA 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029100.1 Rhodanese-like domain 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029110.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029120.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029130.1 Arabidopsis proteins of 
unknown function 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029140.1 TETRASPANIN 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029150.1 RIBOSOMAL RNA 
PROCESSING PROTEIN 7-
RELATED 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029160.1 Ribosomal protein 
L7Ae/L30e/S12e/Gadd45 
family 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029170.1 LEUCINE-RICH REPEAT 
RECEPTOR-LIKE PROTEIN 
KINASE 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029180.1 GATA-4/5/6 transcription 
factors 
pstI_4_59095899 4 59095899 8.22E-07 0.34 658 0.21 0.24 0.047 Sb04g029190.1 LONGEVITY ASSURANCE 
FACTOR 1 (LAG1) 
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